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1ABSTRACT
The study utilizes the wildlife investigational techniques of faecal 
pellet counts and aerial survey to examine relationships between grey 
kangaroos (Macropus giganteus) and the habitats they occupy in southern 
inland Queensland. In accomplishing this aim an assessment is made of 
the usefulness of the techniques for the study of grey kangaroo density 
and distribution.
Faecal pellet counts are found to provide valid indices of grey 
kangaroo density because: (a) the shape and size of pellets differ from 
those of other macropods (within the study areas); (b) defecation rate 
appears to be reasonably consistent; (c) pellet decay rates and determina­
tion of pellet ages may be ascertained satisfactorily; and (d) two separate 
pellet censuses for an area of constant kangaroo density returned similar 
results. The use of pellet groups, rather than single pellet counts, is 
not, however, appropriate for censuses as the number of pellets per pellet 
group varies significantly between habitats. Surveys based on counts of 
individual pellets are necessary if the method is to be used in kangaroo 
research. Defecation is strongly associated with feeding activity. Pellet 
counts therefore provide reliable estimates of the feeding distribution of 
the grey kangaroo.
Analysis of variance, regression analysis and cluster analysis are 
employed in order to define habitat preferences, as defined by pellet 
counts, within the Durikai area. Of these, cluster analysis is found to 
be the most effective technique. Results identify a preference for habitats 
displaying an abundance of both shelter and forage reserves. Where habitats 
meeting this criterion are available climax forest and cleared land, which 
feature an abundance of one component (shelter or forage) in the absence of 
the other, receive relatively little use.
An analysis is made of the usage grey kangaroos make of cleared 
country on a seasonal basis in southeastern (Durikai) and southwestern 
(BolIon) Queensland. Distribution trends defined from pellet counts are 
related to pasture status as defined by visual assessment, rainfall totals, 
soil moisture storage and pasture growth models. The study demonstrates 
that grey kangaroos are sensitive to changes in forage status, particularly 
pasture phenology. As quality and quantity of forage reserves decline, 
grey kangaroos make progressively greater use of cleared areas. This 
results in marked seasonal changes in distribution patterns. Of the 
variables quantified, rainfall provides the best correlations with kangaroo
nusage of cleared country, explaining 55 per cent of the variation in 
distribution at Durikai and 91 per cent at Bollon.
For faecal pellet data from cleared country it is established that 
grey kangaroo density declines in a systematic manner as distance from 
shelter (wooded country) increases. The rate of decline is adequately 
described through use of the general negative exponential model. The 
findings illustrate the reluctance of grey kangaroos to venture far from 
shelter although the distances involved are well in excess of previously 
suggested limits. It is established that where the rate of decline is 
near constant for a series of surveys, data gathered by sampling close to 
the forest edge may be used to predict densities farther out into the 
clearing. A similar analysis for forested country establishes that there 
is no relationship between kangaroo density and the proximity to cleared 
land.
A further assessment verifies that the faecal pellet data adhere to 
the negative binomial distribution. As the dispersion parameter varies 
widely between surveys, however, it is not possible to make precise 
statistical comparisons between separate surveys. The degree of clustering 
in the pellet data (between surveys) appears to be related to seasonal 
patterns of habitat usage.
Aerial surveys are used to obtain estimates of grey kangaroo density 
for a 47100km2 strip of southern inland Queensland. Landsat imagery is 
used to define broadscale habitat zones and results are computed on a 
zonal basis. Habitat data at this scale form a useful base for the design 
of aerial surveys. The population estimate of 746 359 ± 79 070 (Ñ ± S.E.) 
establishes that grey kangaroo density for this part of Queensland is high, 
being highest in the areas supporting the highest exploitation rates 
(commercial shooting). A comparison between separate surveys, however, 
suggests that the currently used correction factors, which adjust for ease 
of sighting kangaroos in differing habitats, are invalid. The seasonal 
movement patterns of the grey kangaroo lead to variations in aerial counts.
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INTRODUCTION
1INTRODUCTION
The kangaroo has been the centre of a controversy within Australia 
over the last decade and a half. Considered to be a pest by the rural 
sector, the various species of Macropodidae have been subjected to 
exploitation and extermination campaigns since the earliest days of 
European settlement in this continent. Until comparatively recent times, 
however, the harvesting rate was never an object of great public concern.
In spite of the long history of exploitation, little information has 
been gathered on kangaroo population totals or distribution patterns in 
Queensland. Management authorities and opponents of kangaroo shooting 
alike have relied on annual harvest totals as their primary data source.
In the absence of detailed knowledge of the standing crop and hunter access 
to this, an approach to the problem based on harvest numbers alone 
exhibits severe limitations.
A neglected facet of research into the conservation of kangaroos has 
been the monitoring of the habitats utilized and the relationship between 
these and kangaroo density and distribution. The productivity of any 
animal depends upon the quality of its environment. It would seem 
reasonable to accept that management should be based on recognition of 
habitats, with particular restraints and attributes that will fix popula­
tion potential. As well as this basic consideration, habitat also governs 
interaction between kangaroo shooters and their quarry. Kangaroos are 
shot at night by spot-lighting from vehicles. Unless kangaroos feed in 
ecotones, out in the open or in habitats that can be negotiated by motor 
vehicles, they are largely protected from shooters.
One of the major obstacles to implementation of ecologically based 
conservation of kangaroos is the diversity of habitats occupied by the 
commercially exploited species and their extensive geographical range. 
Coupled with the 'extent' of the problem is a lack of tried and proven 
methods of population monitoring. Kangaroos are secretive and nocturnal. 
Kangaroo visibility is the greatest single cause of public misconceptions 
about kangaroo abundance (Lavery et al., 1981) and severely hampers 
research into the ecology and abundance of the animals, particularly at 
scales compatible with management requirements. Difficulties related to 
observing kangaroos result largely from their habitat preferences.
The foregoing establishes the general framework within which this 
dissertation was formulated. Research was conducted into the distribution 
and density of the eastern grey kangaroo, Macropus giganteus Shaw
3(grey kangaroo) in part of southern Queensland. Within Queensland the 
species occupies the most extensive geographical range of any kangaroo, 
is the most abundant kangaroo and makes up more than 80 per cent of the 
annual kangaroo harvest (e.g. Kirkpatrick, 1974; Lavery et ai., 1981).
As is the case with most marsupials, however, current knowledge on the 
ecology of the grey kangaroo is limited to "...some information about a 
few points in a complex system" (Russell, 1974:206). The present study 
is a response to the conspicuous neglect of research into distributional 
aspects of grey kangaroo ecology.
It is generally accepted that grey kangaroos are cover conscious 
animals that rarely venture far from the shelter of wooded areas unless 
forced to do so by shortages of forage and water in this favoured 
habitat. Little attempt has been made, however, to quantify habitat 
preferences and no attempt has been made to quantify seasonal movement 
patterns. The latter term is a subset of the former and can be defined 
as the influence of environmental cycles, for example shortages of 
forage, on habitat preferences. Providing data on these two facets of 
grey kangaroo ecology is the primary aim of this thesis. In association 
with the achievement of these goals, an assessment is made of the 
validity and usefulness of faecal pellet counts and aerial survey as 
techniques for use in kangaroo research. Although both have been used 
for the purpose, there has been limited appraisal made of the appropriate­
ness of these methodologies for monitoring grey kangaroo populations.
The assessment presented of grey kangaroo/habitat relationships has 
been structured with a view to providing data that are of management 
significance. A scientific appraisal of the influence of habitat 
structure on grey kangaroo distribution (habitat preferences) and 
dispersion (seasonal movements) is seen as fulfilling this aim. For 
example, as well as defining the quality of a given habitat as an 
environment for grey kangaroos, these behavioural attributes determine 
interaction between the animal and kangaroo shooters. The role of grey 
kangaroos as pests is also closely related to the animal's habitat 
preferences and changes in these over time. Because of this requirement 
of broadscale applicability, an attempt has been made to define principles 
that have general rather than specific relevance. This necessitated an 
approach to research based on relationships between grey kangaroos and 
gross features of the environment that could be validly extrapolated to 
grey kangaroo habitats as a whole.
4In keeping with these aims, the major sections of the thesis follow 
a sequence that attempts to provide answers to the following specific 
questions:
1. Are faecal pellet counts an appropriate method for monitoring 
grey kangaroo density and distribution? (Section 1)
2. If so, what information can be gained through use of the 
technique on habitat preferences of the grey kangaroo?
(Section 2)
3. Given an appropriate sampling method (faecal pellet counts) and 
data on habitat preferences, is there evidence to suggest that 
grey kangaroos vary habitat usage patterns on a seasonal basis? 
(Section 3)
4. Do the pellet data collected on seasonal movement patterns 
establish that a relationship exists between grey kangaroo 
density and distance from forest/cleared country interfaces?
(Section 4)
5. Do the pellet data collected on seasonal movement patterns (Section 3) 
suggest that such data can adequately be described using any known 
frequency distribution? More specifically, can they be classified 
using the negative binomial, which is commonly employed on data of 
this type? (Section 4)
6. What information can be gained on density and distribution of grey 
kangaroos in southern Queensland from aerial surveys? (Section 5)
7. Do the data on habitat preferences (Section 2) and seasonal 
movement patterns (Section 3) have any relevance to design and 
interpretation of aerial surveys of grey kangaroo populations? 
(Section 5).
The thesis follows a reasoned progression with each section building 
on the findings that come before. Each section of the thesis is, however, 
presented as a self-contained unit which examines either:
1) a particular research technique;
2) an ecological attribute of the grey kangaroo; or
3) an application of statistical modelling related to (1) and (2).
From an academic point of view, the investigation is directed towards 
an integration and application of theory and methods from the fields of
5biogeography, ecology and biometrics. Therefore, the general approach is 
interdisciplinary. The findings on the other hand, are envisaged as 
contributing to the body of knowledge in wildlife ecology and management. 
The spatial approach to the research undertaken is in keeping with the 
traditions of geography. It is not intended, however, to enter into a 
theoretical justification of the topic as an essentially biogeographical 
study. The essence of biogeography is currently a matter of some debate 
(e.g. Watts, 1971, 1978; Cox et al., 1973; Kolata, 1974; Hill, 1975; 
Fosberg, 1976; Gersmehl, 1976; Stoddart, 1977; Grossman, 1977; Simmons, 
1979; Langdon, 1979; Vale and Parker, 1980; Fisher, 1981; Park, 1980; 
Brown, 1980). Rather, it is assumed that the concern of the research is 
basically geographical and that such an approach makes an original 
contribution to knowledge of the ecology of the grey kangaroo and 
techniques relevant to assessing the animal's density and distribution.
SECTION 1
FAECAL PELLET COUNTS AS A SURVEY METHOD FOR 
MONITORING GREY KANGAROO POPULATIONS
61.1 Introduction
This chapter examines the assumptions and mechanics of the faecal 
pellet count technique as it applies to surveys of grey kangaroo 
populations. The method has been used previously in kangaroo research 
(Caughley, 1964a, 1964b, 1975; Warren, 1971; Taylor, 1980) although little 
attempt has been made to assess the validity or aptness of the 
procedures adopted.
Faecal pellets are a persisting and immobile record of animal 
presence and as such they lend themselves to sampling methods that are 
largely simple and mechanical in application and are readily subjected to 
or manipulated for statistical analysis. The pellet count technique is 
also less costly to implement than most other census methods. In 
practical terms this is a great advantage in ecological studies that may 
require repeated sampling (Adams, 1959). As the technique revolves around 
counting and extrapolating from faecal pellet totals, it is imperative 
that the mechanisms determining identification of pellets, pellet deposi­
tion rates, distribution, persistence and conspicuousness of pellets be 
fully understood and incorporated in the survey design (Ryel, 1972).
In the present study, an endeavour has been made to marry available 
knowledge and recommendations relating to pellet counts to data gathered 
on grey kangaroo defecation patterns. This section illustrates the 
procedures followed in developing a logical and reliable field sampling 
programme. It needs to be stated, however, that the design of optimum 
strategies for pellet surveys of grey kangaroos was beyond the scope (or 
purpose) of this dissertation.
1.2 Appropriateness of the Method
The necessity to use an indirect survey method such as faecal pellet 
counts is related to habitat preferences and behaviour of the target 
species and the extent and structure of the habitats utilized. Each of 
these factors or a combination of them precludes direct counts of many 
wildlife populations. In some such cases, pellet counts provide a 
reliable method of estimating population totals or animal/habitat 
relationships. The bulk of the pellet count literature relates to North 
American, big game species such as mule deer (odocoiieus hemionus), 
white tailed deer (o. virginianus), elk (cervus eiephus), wapiti 
(c. canadensis) and moose (Alces alces). The method, however, has been 
utilized in population and ecological studies of a wide range of other
7herbivores. Animals so examined include virtually all the large North 
American ungulates; a range of large African and Asian herbivores;
North American and European rabbits and hares, mountain goats and 
mountain sheep; small mammals from a number of continents; and 
domesticated and feral sheep, cattle, horses, goats and pigs.
For some species the method is inappropriate. For example it is 
very difficult to apply pellet counts to infrequent defecators such as 
carnivores. Deposition bias may also preclude use of pellet surveys ' 
because of the concentration of faecal material into small areas. For 
example species such as the palm squirrel (Funambuius paimarum} and 
ci vit (viverricuia indica) (Eisenberg et ai., 1970) and several of the 
gazelles (Walther, 1978; Essghaier and Johnson, 1981) demarcate their 
territories with faecal material. Others such as the porcupine (Hystrix 
indica), leopard (Panthera pardus) and sloth bear (Manis crassicaudata) 
habitually defecate at an interface between two habitat types (Eisenberg 
et al., 1970). The nilgai (ßoseiaphus tragocameius) uses communal dung 
piles (Dinerstein, 1980) and these are also used to a lesser degree by 
rabbits (oryctoiagus cuniculus (L.)) (Mykytowycz and Gambale, 1969;
Rogers, 1981), dikdik (Madoqua kirki) (Hendricks, 1975), impala 
(Aepyceros meiampus) (Jarman and Jarman, 1974), Dorcas gazelle (Gazeiia 
dorcas) and mountain gazelle (g . gazeiia) (Essghaier and Johnson, 1981).
Faecal pellet counts were developed as a census instrument in 
North America in the 1930s. Since the first published reports of the 
technique (e.g. Vorkies and Taylor, 1933; Bennett et ai., 1940), a 
framework has been developed for conducting counts and analysing findings. 
Neff (1968a) provides the most comprehensive review available on the 
methods and problems of pellet count censuses. The method is relied upon 
as the most suitable base to population monitoring through the northern 
and western deer ranges of the USA (Ryel, 1972; Burgoyne and Moss, 1977). 
However, its usage is not universally appropriate even with deer research. 
Overton (1971:431) points out that the method has been notably unsuccessful 
in the southeast of the USA because decay rates of deer faecal pellets are 
variable in this environment.
The habitat preferences and behaviour of deer that necessitate an 
indirect survey method bear marked similarities to those of the grey 
kangaroo. Grey kangaroos are cover conscious, largely nocturnal and on 
a regional scale are most numerous in habitats that favour this preference 
for concealment. These factors make accurate counts of grey kangaroos 
difficult, if not impossible over large sections of the animal's range in
8Queensland. Aerial survey provides the only method of proven reliability 
in kangaroo survey (e.g. Caughley et al., 1977). Their findings relate 
to inland areas where more open vegetation allows reasonable visibility 
from the air. Even here Caughley (1979b:20) suggests that pellet counts 
provide a better approach to habitat utilization studies.
1.3 Species Identification
1.3.1 Background
The usefulness or otherwise of pellet surveys revolves around the 
assumption that an animal can be accurately identified from its faeces.
It is essential that the identification process can be achieved quickly 
and reliably in the field. The likelihood of confusion is a function of 
the uniqueness and homogeneity of the faeces of the target species, 
species diversity within the study area and similarity between faeces 
of such co-existing species.
Individual faecal pellets may be described according to the 
characteristics of shape, size, mass and colour (Riney, 1957). The 
texture of faecal material and the spatial arrangement of pellets into 
pellet groups may also have diagnostic value. Of these identification 
cues, shape is the most reliable guide to species identification (Riney, 
1957; Smith, 1964; Neff, 1968a). In some cases, however, size of pellets 
may be of equal importance (e.g. Sanders, 1963; Graf and Nichols, 1966; 
Eisenberg et ai., 1970; Dinerstein, 1980).
Where confusion exists in separating the faeces of two or more 
species utilizing the same habitat, pellet counts cannot be used as a 
survey tool. In the North American environment, several such situations 
were described soon after the widespread adoption of the pellet count 
technique (e.g. Smith [1954] for elk and moose). In an attempt to 
resolve the problem research was conducted into the use of pellet pH as 
a means of identifying faecal pellets for various species. Success was 
reported for a wide range of species that had previously proved troublesome 
in regions where distributions overlapped (e.g. Howard, 1967; Nagy and 
Gilbert, 1968; Howard and De Lorenzo, 1974; Krausman et al., 1974; Hoff, 
1977; Johnson and Mac Cracken, 1978). Later studies, however, have 
demonstrated that pH values for faecal pellets may not be as reliable as 
was first thought. Between species similarities have been recorded and 
for any one species, pellet pH values may vary widely depending on diet 
and the physiological state of the animal and age of the pellets
9themselves (Hansen, 1978; Peek and Keay, 1978; Mac Cracken, 1980).
1.3.2 Grey kangaroo faecal pellets
Research using faecal pellet counts was carried out in the Durikai 
area of southeastern and Bol Ion area of southwestern Queensland (Figure 1). 
These localities represented areas of high grey kangaroo density situated 
near the eastern and western extremities respectively of the grey 
kangaroo's continuous range in southern Queensland. Within the Durikai 
area two study sites were used. These were Durikai State Forest and a 
grazing property, Eddington Station which bordered state forestry reserve. 
At Bol Ion, research was conducted on another grazing property, Barrington 
Station. More detailed descriptions of the individual sites are presented 
within appropriate sections of the thesis.
At the Durikai study site grey kangaroos live in association with 
sizable populations of wallaroos (Macropus robustus) and red-necked 
wallabies (m . rufogriseus). At Bollon, grey kangaroos are again the most 
numerous macropod with some red kangaroos (Megaieia rufa) present. 
Comparisons were made between the faeces of these four species at Lone 
Pine Fauna Sanctuary in Brisbane and in the field where observation of 
feeding animals allowed fresh faeces of each animal to be collected.
As reported by Caughley (1964a) and Grant (1974), pellets from the 
grey kangaroo are easily separated from those of the red kangaroo 
(Figure 2). From Figure 3 it can be seen that grey kangaroo pellets are 
also readily separable from those of red-necked wallabies and wallaroos. 
Another study (Taylor, 1980) records that grey kangaroo pellets differ 
from those Of Wallabia bicolor.
Grey kangaroo pellets have a distinctive shape. Opposite sides of 
the pellet are approximately equal in size and are usually rectangular 
in shape. Pellets often resemble rectangular prisms with rounded edges. 
During the defecation process pellets are normally passed separately and 
pellet groups are usually a collection of individual pellets distributed 
over a small local area rather than a pile of droppings (as typifies 
deer), or strings of connected or compacted faecal material (as typifies 
carnivores).
Red kangaroo droppings are more rounded than those of the grey and 
often taper towards one end. There also appears to be more variation in 
the size of pellets within the one pellet group than is the case for 
grey kangaroos.
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Figure 1. Location of study sites. Inset map shows distribution of the grey 
kangaroo in Queensland (from Kirkpatrick, 1974:370).
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MILLIMETRES
Figure 2 . Comparative shape and size of faecal pellets of the grey kangaroo 
and the red kangaroo.
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R ED -N E C K ED  WALLABY
Figure 3. Comparative shape and size of faecal pellets of the 
grey kangaroo, wallaroo, and red-necked wallaby.
13
The faeces of the wallaroo are of comparable size to those of the 
grey kangaroo. However, the pellets are more elongated and flattened 
and show a tendency to taper towards one end. Unlike grey kangaroos, 
wallaroos may pass a string of pellets compressed together (refer also 
to Morrison, 1981).
Pellets of the red-necked wallaby are generally smaller than those 
of the grey kangaroo. The shape is usually rounded although tapered 
pellets are not uncommon.
In Figures 2 and 3 pellets were selected to illustrate the range 
that commonly occurs in pellet shape for each species. While variations 
in shape that could result in wrong identification have been noted, errors 
of this nature are not likely to be significant. Most variations of this 
type occurred with the Lone Pine animals, and these were attributed to 
part reliance on a concentrate diet. This has been observed to cause 
similar identification problems in deer (e.g. Smith, 1964).
Confusion over identity usually refers to individual pellets. As 
single defecations typically contain several pellets, errors from this 
source are unlikely. In a comparison between the pellets of red and grey 
kangaroos, Grant (1974) found that with single pellets identification 
errors were as high as 11.6 per cent. With two pellets from the one 
species error reduced to 3.3 per cent and became negligible when three 
pellets were used.
Where a single pellet of atypical shape is encountered on a sample 
plot, pellets from the same animal can normally be found nearby. Field­
work in southeastern and southwestern Queensland confirmed that 
recognition of pellets from the grey kangaroo could be achieved reliably.
1.4 Defecation Rates and the Sampling Entity
1.4.1 Background
If the defecation rate of the target species is constant between 
individual animals and over time, then monitoring faeces production will 
allow estimates to be made of actual animal numbers or comparable density 
indices in the spatial or temporal context. Constancy of defecation rate 
in herbivores is related to five major factors (Neff, 1968a). These are 
diet, total feed intake, moisture content of the feed, age structure of 
the population and the psychological impact of captivity. Perusal of the 
literature relating to defecation rates suggests that related factors 
that need to be considered would include sex structure of the population,
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geographical area occupied and season. As most defecation rates for use 
in surveys are calculated from captive animals, the role of all the above 
variables becomes critical.
Enough research has been conducted into the pellet count technique 
for a large enough range of herbivores to suggest that there is a 
constancy to herbivore defecation rates. The method can be used to 
provide valid estimates of comparative animal densities (Neff, 1968a).
This general principle relating to the use of pellet counts for density 
index applications within biogeographical regions is well accepted. The 
situation with regard to the use of the method for actual population 
estimates is not as clear cut. Although the validity of pellet counts 
for censuses of deer has been experimentally confirmed (e.g. Dasmann and 
Taber, 1955; Eberhardt and Van Etten, 1956; Ryel, 1959; Harris, 1959; 
Bailey and Putman, 1981), considerable variation has also been recorded in 
daily defecation rates (e.g. Riney, 1957; Smith, 1964; Neff, 1968a; Ryel, 
1972; Collins and Urness, 1981). In some cases contradictory explanations 
have been offered on the role of particular variables in producing these 
differences. Conversion of pellet totals to number of animals is possibly 
best seen as providing an improved population index that is more 
comfortable to use than obscure pellet populations (Overton, 1971;
Burgoyne and Moss, 1977).
For any pellet count, a decision must be made on what constitutes the 
sampling unit. The choice lies between individual pellets, pellet groups, 
mass of pellets or presence or absence of pellets. Except for presence/ 
absence data which represent a special case, the most appropriate of these 
variables will be the one that gives the best approximation of the 
defecation rate of the target species over a finite time period.
This aspect of the survey technique has been examined for deer 
surveys where it has formed an integral part of research into actual 
defecation rates. For deer, pellet groups (individual defecations 
comprising many pellets) have formed the traditional base of pellet 
surveys. The rationale for using pellet groups is outlined by Riney (1957) 
who found that there was much greater variation in the amount of faeces 
voided by deer than in the number of times defecation occurred, with less 
variation in pellet groups per day than total number of faecal pellets.
Two recent studies of mule deer suggest that mass of faeces (Arthur 
and Aldredge, 1980) and pellet totals (Strong and Freddy, 1979) are also 
reliable sampling units. In these cases the major role of pellet mass
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or pellet totals is seen as overcoming the problems of judging the 
proportion of pellet groups lying across the boundaries of sample plots, 
deciding on the age of a pellet group and deciding on whether a set 
number of pellets constitutes a group. It is difficult to reconcile the 
findings of these studies with earlier work that demonstrated the 
variability of pellet totals and pellet mass. Examination of this point 
emphasizes that little research has been directed towards alternatives 
to pellet group totals for deer surveys. Certainly in this case 
individual pellet totals are not an attractive alternative, with an 
average group size of around 70 pellets for deer in general (Riney, 1957) 
and individual observations as high as 344 pellets per group (Smith,
1964). For the purpose of streamlining deer surveys, use of pellet 
groups is highly desirable.
While counts of pellet groups form by far the simplest base for deer 
surveys, use of groups does create problems not encountered with counts 
of individual pellets. For example a problem exists in defining just what 
constitutes a pellet group. This question has led to substantial debate 
over deer surveys in North America. Neff (1968a) recommends a minimum of 
30 pellets for a group and this guideline has been used in other studies 
(e.g. Cairns and Telfer, 1980). However, some researchers have used ten 
or less (e.g. Ryel, 1972; Batcheler, 1975; Ryel and Burgoyne, 1977;
Rost and Bailey, 1979), some as few as five (e.g. Bowden et a i . f 1969; 
Anderson et ai., 1972; Anderson, 1977; Strong and Freddy, 1979; White and 
Eberhardt, 1980) and in some cases even single pellets (e.g. Bennett et 
al., 1940; Steinhoff, 1947). Given these variations in survey design, 
it is disconcerting to note that the majority of published papers makes 
no precise reference to the criterion used in defining a pellet group 
(e.g. Robinette et ai., 1952; Eberhardt and Van Etten, 1956; Rogers et 
ai., 1958; White, 1960; Reynolds, 1964; Smith, 1964; Jul ander and 
Jeffery, 1964; Neff et ai., 1965; Me Kean, 1965; Smith, 1968; Me Connell 
and Smith, 1970; Patton, 1976; Ffolliot et ai., 1977; Davis, 1977;
Burgoyne and Moss, 1977; Telfer, 1978; Papageorgiou, 1978; Lyon and 
Jensen, 1980). Where such inconsistencies exist, comparisons between 
different studies become very difficult. There is of course no way of 
enforcing standard criteria for pellet counts.
Difficulties arise not only from defining a pellet group but as well 
from defining the status of pellet groups straddling the boundaries of 
sample plots. With mule deer in Colorado for example, Robinette et al. 
(1958) found that eight per cent of pellet groups were strewn out with an
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average length of 4.42m. The most common solution to this problem is to 
count the group if more than half (number of pellets) lies within the 
plot boundary (e.g. Riney, 1957; Neff, 1962; Me Connell and Smith, 1970; 
Rost and Bailey, 1979; Cairns and Telfer, 1980; Dinerstein, 1980).
Others have worked on the mid point of the linear extent of the group 
falling within the plot (e.g. Bowden et al., 1969; Ryel, 1972; Anderson 
et ai., 1972; Pojar, 1977; Anderson, 1977; Ryel and Burgoyne, 1977), or 
assigning proportions of groups to plots (e.g. Robinette et ai., 1958).
As was the case with defining pellet groups themselves, many authors do 
not state the criterion adopted. Each of the methods listed is likely to 
introduce error into a survey because of the difficulty of making 
accurate and/or consistent judgements under field conditions. As 
Batcheler (1973) points out, it is usually the case that observers do not 
make accurate checks on the total dispersion of pellet groups outside 
sample plots.
The difficulties inherent in counts of pellet groups can be 
minimized by standardization of procedures for teams or individual 
observers. However, the problems and inconsistencies in methods used 
remain. As Strong and Freddy (1979:564) note, one of the reasons pellet 
counts for deer are not fully accepted by wildlife managers is because 
of these problems relating to the use of pellet groups as the sampling 
unit.
The appropriateness of pellet totals, rather than pellet group 
totals for ascertaining defecation rates has been established for rabbits 
(Arnold and Reynolds, 1943; Taylor and Williams, 1956). Riney (1957) also 
found that for the marsupial, brush tailed possum (Trichosurus vulpécula), 
pellet totals were the most reliable indicator of the defecation rate.
1.4.2 Grey kangaroo defecation patterns
Caughley (1964a) used presence or absence of pellet groups for 
comparative studies of red and grey kangaroo ecology. Warren (1971) 
recorded mass of faeces to examine kangaroo usage of pastures and Taylor 
(1980) relied on individual pellet totals in an analysis of the feeding 
distribution of grey kangaroos. None of these researchers undertook an 
appraisal of the most appropriate indicator of defecation rate. Each 
relied on the assumption that defecation rate was constant and that the 
indicator chosen was an appropriate index of defecation rate.
The first option to be considered was the use of presence or absence 
data, the approach used by Caughley (1964a) in his kangaroo research.
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Although this strategy has been recommended by Riney (.1957) and more 
recently by Salter and Hudson (1980), it does have its detractors. 
Eberhardt 0978:221) states that the method is not very efficient and 
dangerously subject to bias. Taylor and Williams (1956) note that a 
guide to local distribution rather than abundance is obtained. Batcheler 
(1973) lists three major disadvantages of the approach as applied to 
pellet counts. First, frequency data are imprecise when more than 
80 per cent or less than 20 per cent of sample plots are occupied.
Initial sampling at Durikai using standard plot sizes (see following 
Section 1.7.2) established that no single plot would produce results 
within this optimum range under all field conditions. Varying plot size 
to fit the 20-80 per cent criterion for repetitive sampling at eight 
weekly intervals would have necessitated different plot sizes for 
different habitats and this probably on a seasonal basis. Divergence 
from a standard sampling design is undesirable from both a practical and 
theoretical viewpoint.
Second, frequency data provide unbiased estimates only if the 
distribution of pellets is random. For any animal population this 
assumption is difficult to satisfy. Available evidence suggests that 
the distribution of faecal pellet data is invariably non random (e.g.
Smith and Neff, 1965; Loveless, 1967; Bowden et ai., 1969; Me Connell 
and Smith, 1970; Stornier et al., 1977).
Third, surveys based on frequency data generally require large sample 
sizes and may result in inefficient use of time spent in the field. After 
taking the foregoing into account it was decided that presence/absence 
sampling was not a desirable strategy for the research project.
Likewise no attempt was made to record mass of faecal material 
produced. Stewart (1975) had found that pellet mass was inferior to 
pellet group totals as an indicator of defecation rate for grey kangaroos. 
The method which was also used by Warren (1971) was not suited to the 
requirements of the study. Enormous inputs of time would have been 
required for cataloguing and laboratory work if usable results were to be 
obtained. Studies for other herbivores suggested that in general, there 
is little to recommend mass of faeces as a sampling unit from either the 
theoretical or practical viewpoint. Field observations confirmed that 
use of pellet mass to monitor variations in kangaroo density would 
introduce variable error into survey results. Pellets weather 
differentially depending on site and climatic factors. While such
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weathering does not necessarily hias counts of pellets, it will change 
the mass of pellets. Comparisons between surveys based on pellet mass 
would be of doubtful reliability unless changes in pellet mass over time 
were monitored and adjustments made accordingly.
During June, 1977 the management of Lone Pine Sanctuary (Brisbane) 
gave permission to enclose five grey kangaroos (two adult males, two 
adult females and one juvenile male) in a 0.7 ha section of the grey 
kangaroo enclosure for one week. This presented an opportunity to gather 
rudimentary data on defecation patterns that could be used as a guide for 
survey work. As the animals were tame no abnormal defecation rates were 
expected due to fright (Neff, 1968a). The area was well grassed and 
although the animals had access to supplementary, concentrate feed, little 
use was made of this. Therefore no problems were expected due to reliance 
on a concentrate diet (Smith, 1964) or from intake of high moisture 
content forage (Arnold and Reynolds, 1943; Longhurst, 1954; Dasmann and 
Taber, 1955). The public were not allowed to enter the enclosure and with 
ample space available to the animals, pellet losses due to trampling were 
minimal.
The enclosure was completely cleared of faecal pellets twice daily 
by a team of three persons. Collection times were in the afternoon 
before the start of the regular, late afternoon feeding session (around 
3.30 to 4.30 pm) and again in the morning when the group stopped feeding 
and began to rest after the morning feeding session (around 8 to 8.30 am). 
The procedure was followed for four consecutive days until two wallabies 
burrowed under the fence and joined the control mob. Given the size of 
the area and the good grass cover characteristic of most of the paddock, 
counting errors may have occurred. Overall though, errors were thought 
to be small and unlikely to significantly influence the results obtained.
Results were tabulated as pellet totals and pellet group totals.
A group was classed as any assemblage of one or more pellets judged to be 
separate from surrounding pellets on the basis of distance, pellet size, 
shape and recency of deposition. No minimum distance rule was adopted 
for separating adjacent groups and results probably reflect "splitting" 
rather than "lumping" of pellet groups (Neff, 1968a:607).
Given the time period involved, this trial was expected to provide 
little more than a general guide to the variability of individual pellet 
totals and pellet group totals as indicators of daily defecation rate. 
Results are presented in Table 1. Monitoring of the daily defecation 
rate for this population suggested that individual pellet totals and
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Range Mean Co-efficient of variation
pellets/animal/day 319-465 412.2 16%
pellet groups/animal/day 53- 79 68.4 16.5%
Table 1 Defecation rate for five kangaroos over a four day 
period (Lone Pine Fauna Sanctuary, Brisbane).
2Q
pellet group totals were equally suited as a survey base. Co-efficients 
of variation for the two were similar. However, observations at Lone Pine 
and in the field at Durikai suggested that the average number of pellets 
per defecation was quite different for the two populations. If the two 
groups of animals could be assumed to have a similar rate of faeces 
production, the existence of such an anomaly would preclude the use of 
pellet group totals as a reliable base for surveys. Data were therefore 
recorded to quantify this observation.
For Lone Pine, early morning counts were made of fresh, undisturbed 
groups of pellets deposited by 25 grey kangaroos housed in a 1.4 ha 
enclosure. A systematic sampling pattern was completed for each count.
The enclosure was sampled by transects 2m wide spaced at 10m intervals.
A total of 666 pellet groups was counted. The resulting frequency 
distribution of pellets per group did not differ significantly from that 
for the four day trial of defecation rate (Kolmogorov-Smirnov two tailed 
test, D = 0.02, critical Dq = 0.07) and there was no significant 
difference between average number of pellets per group (t = 0.96, 
df * 1747, P > 0.4). The data were log transformed before applying the 
t test because the distributions were positively skewed. As no 
significant difference could be identified between the data sets they 
were combined to provide 1749 observations.
At Durikai, pellet groups judged to be less than one month old were 
recorded from 10m2 (0.001 ha) circular plots. These were positioned at 
regular intervals along randomly located transects straddling varying 
habitat types. Twenty-eight days prior to this survey 120 fresh pellets 
were placed on 60 permanent plots. This provided a control group of 
pellets of known age for use in the survey. As less than one per cent of 
the control group disappeared during the 28 days (1 pellet from 120), 
results of the survey were not biased significantly through pellet losses. 
A total of 1912 pellet groups was recorded.
The resulting frequency distributions of pellets per group for 
captive and wild kangaroos were dissimilar (Figure 4). Skewness of the 
two distributions differed markedly (Kolmogorov-Smirnov two tailed test,
D = 0.4, critical Dq oi = 0*06). Average number of pellets per group was 
6.2 and 3.7 respectively. Cochran (1963) points out that use of the 
normal distribution approximation for variances is generally satisfactory 
even with markedly skewed data unless very exact statements of confidence 
limits are required. Before using the t test to assess the differences in
P
er
ce
nt
ag
e 
of
 t
ot
al
 n
o.
 o
f 
gr
ou
ps
 
Pe
rc
en
ta
ge
 o
f 
to
ta
l 
no
. o
f 
gr
ou
ps
21
Pellets per group
Figure 4 . Distribution of pellets per group for wild and captive kangaroos.
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average number of pellets per group, however, the data were log transformed 
There was a significant difference hetween the two data sets (t = 27.07, 
df = 3659, P < Q.00Q5).
As the Lone Pine kangaroos passed approximately twice as many faecal 
pellets per pellet group as their wild counterparts, it is suggested that 
pellet group totals cannot be used as a reliable indicator of defecation 
rate for grey kangaroos. It is most unlikely that the captive animals 
produced twice as many faecal pellets per day. Unless this was the case, 
number of defecations (pellet groups) per day varied substantially 
between the two populations.
Observation of feeding kangaroos illustrated that the number of 
pellets deposited in any one pellet group depended on animal movement 
patterns. For the captive kangaroos in a confined space and with ample 
food, movement was minimized and the number of pellets passed at any one 
site large. /\£ Durikai on the other hand, where pasture conditions were 
variable, feeding animals moved more often during feeding periods. Here 
defecation was characterized by fewer pellets per group.
During feeding, kangaroos defecate frequently, both while stationary 
and when moving. For any short time span a certain number of pellets 
will be deposited. Whether these form one large group or several small 
groups depends largely on the density of the pasture being utilized.
This hypothesis is supported by comparison of the frequency distributions 
of pellet groups collected from well-grassed and sparsely-grassed plots 
located within the one paddock on Eddington (Figure 5). The two 
distributions are significantly different ( Kolmogorov-Smirnov two tailed 
test, D = 0.143, critical Dq q i  = 0.142), and there is a significant 
difference in the average number of pellets per group (log transformed 
data, t = 4.89, df = 859, P < 0.0005). Where food is relatively plentiful, 
the number of pellets per group is higher as kangaroos stay in the one 
position for longer.
Comparisons between separate surveys in the spatial or temporal 
context could lead to serious interpretation errors if pellet groups were 
used as the sampling entity. For example, should relative abundance of 
two kangaroo populations be compared by a pellet group survey, estimates 
of abundance would be positively biased towards the population utilizing 
the more widely dispersed forage resource. This would result from the 
daily faeces production of individual kangaroos being deposited in a 
larger number of pellet groups, each containing a smaller number of pellets
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Figure 5 Distribution of peilets per group for well grassed and 
sparsely grassed plots on Eddington Station.
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Habitat preference studies would also be biased due to the influence 
of habitat type on kangaroo movement patterns and hence distribution of 
faecal pellets. This view was further tested by examining pellet group 
data for three distinctive habitat types on Eddington Station at Durikai 
(Figure 6). Pellet group statistics for pellets less than four weeks in 
age were recorded from 10m2 circular plots, systematically spaced along 
random transects. A total of approximately 1000 individual groups was 
recorded for each of the habitat types. Results are displayed in 
Figure 7. The three frequency distributions were statistically distinct 
(Kolmogorov-Smirnov two tailed tests, P < Dq o i )* There were significant 
differences between the mean number of pellets per group for partly 
cleared forest and forest (log transformed data, t = 4.25, df =2024,
P < 0.001) and cleared country and forest (log transformed data, 
t = 2.72, df = 2022, P < 0.01). There was no significant difference 
between mean number of pellets per group for partly cleared forest and 
cleared country (log transformed data, t = 1.27, df = 2054, P > 0.2).
The findings support the other data presented. For partly cleared 
and fully cleared habitats, forage availability was much higher than for 
forested areas and individual defecations contained a higher number of 
pellets. The statistically significant difference between the frequency 
distributions for partly cleared forest and cleared land suggests that 
even though the average number of pellets per group is similar, it cannot 
be taken for granted that pellet group totals would give an unbiased 
estimate of the comparative usage of the two habitats. As a common yard­
stick for comparing habitat usage patterns, pellet group totals are not a 
suitable base for surveys. Taylor (1980) also discarded the use of 
pellet groups for monitoring feeding distribution of grey kangaroos in 
favour of pellet totals. He noted that the number of pellets per group 
decreased as the abundance of groups decreased.
A decision to monitor pellet totals rather than pellet group totals 
does not entail a significant increase in the time taken for fieldwork in 
kangaroo surveys. As illustrated by Figures 4, 5 and 7, the average 
number of pellets per group is small. Little extra time is involved in 
counting pellets as opposed to groups of pellets. From the discussion 
presented in Section 1.4.1, it can be seen that use of pellets also 
overcomes the problems associated with defining a pellet group and 
deciding on the status of pellet groups straddling a plot boundary.
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Figure 6. Eddington Station stud/ site in the Durikai area.
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Figure 7 Distribution of pellets per group for three habitats at Eddington
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1.5 Faecal Pellet Decay Rates
1.5.1 Background
Complete or partial disappearance of pellet groups which belong to 
the particular age range being surveyed results in an underestimate in 
census work, or if losses vary according to habitat type, inaccurate 
estimates of proportional range usage. As well as this, decay may 
influence the appearance of pellets to such an extent that their age 
cannot be determined satisfactorily.
While mechanical destruction of pellets by animals themselves may be 
important in areas of heavy animal occupancy (e.g. Leopold et ai.,1951; 
Taylor and Williams, 1956) and wind may remove pellets of small animals 
such as rabbits (Taylor and Williams, 1956), water is the most important 
variable influencing loss rates of faecal material. Under all site 
conditions, intense falls of rain are the major cause of pellet 
disappearance (Neff, 1968a; Me Cullock, 1969). Wallmo et al. (1962) 
report losses of up to 91 per cent of mule deer pellet groups within 
four months due to heavy rain in a semi arid, mountain environment. Here 
sheet wash on slopes is probably responsible. Steep slopes (Robinette 
et al., 1958) and lack of ground cover (Ferguson, 1955) lead to erosion 
in all pellet surveys.
In moist, heavily shaded positions, loss of pellet groups may be 
rapid. This is a result of bacterial breakdown, insect attack or the 
enveloping of pellets by mosses, herbaceous growth or dead plant material 
(e.g. Ferguson, 1955; Taylor and Williams, 1956; Patrie and Bernhardt,
1960; Van Etten and Bennett, 1965; Flux, 1967; Wigley and Johnson, 1981).
An element of this set that may assume primary importance is insect 
attack, especially by dung beetles (scarabaeidae spp.) (e.g. Robinette 
et ai., 1958; Downing et ai., 1965; Wing and Buss, 1970; Eisenberg et 
ai., 1970; Flinders and Crawford, 1977; Dinerstein, 1979). Neff (1968a) 
reports surveys where population estimates for deer have been only 
20-25 per cent of the known total due to destruction of pellet groups by 
dung beetles. Losses to insect attack may not be important in surveys 
directed towards habitat preferences as long as losses are consistent 
across all habitats. However, the distribution of insect activity within 
a geographic unit is likely to be highly localized (Robinette et ai.,
1958). Any such differential removal of pellets according to habitat 
type would seriously bias results. From the earliest use of pellet counts, 
the varying durability of pellets under different conditions has been 
recognized as one of the maj r obstacles to the attainment of accurate or 
comparable results.
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1.5.2 Decay rates for grey kangaroo pellets
At Durikai, concentrations of kangaroo faecal pellets were frequently 
encountered at the foot of even gentle gradients in areas characterized by 
bare earth or little ground cover. Such concentrations formed linear 
patterns of pellets mixed with leaves, twigs and other plant debris and 
were clearly water laid deposits. Habitats of this type were little used 
by kangaroos and were avoided when selecting sites to conduct the 
seasonal movement surveys.
Losses of pellets from other causes were observed during normal 
fieldwork and quantified through maintenance of control plots straddling 
the habitat types sampled during surveys. Fresh pellets (100-150) were 
placed on these plots at each visit to the area. This programme 
demonstrated that for the Durikai district, three phases of pellet 
disappearance could be recognized:
1) dung beetle attack during the first few hours following 
deposition;
2) a stable period after the first day of up to approximately 
14 weeks; and
3) more rapid breakdown after this time.
Dung beetles confined their activities to fresh faeces. As even 
fresh kangaroo pellets contain little moisture other than a lubricating 
layer around the outside (Morrison, 1981), beetle attack was normally 
observed only during the first few hours of daylight, after which time 
pellet surfaces dried. [Most grey kangaroo faeces are passed during the 
night: refer Section 1.10.2.] It was only fresh faecal pellets that 
appeared to attract attention. Beetles were usually associated with 
larger groups of pellets where a small proportion of the pellets would 
be buried rapidly. Beetle activity was confined to summer, particularly 
following rain. Drought conditions during the second summer of sampling 
at Eddington resulted in a disappearance of dung beetle activity (refer 
Section 3, Table 14). Similar relationships between dry weather and 
dung beetle activity have been reported for other environments (e.g. 
Anderson and Coe, 1974; Western, 1975). Overall, losses were small.
This may have been a response to a ready supply of cow dung or the 
dryness of kangaroo faecal pellets. Eisenberg et ai. (1970) state that 
small faecal pellets receive minimal interference from insects because 
they hold little moisture.
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In dry weather, pellets that were not removed by insects soon after 
being deposited rapidly formed a protective outer crust. Although obvious 
changes in colour took place, pellets normally showed little sign of 
physical breakdown for approximately 14 weeks. Fresh pellets subjected to 
rain did not form this protective crust and began to exhibit signs of 
breakdown sooner.
After this phase, physical breakdown of pellets accelerated. Old 
pellets in exposed positions disappeared rapidly with steady rain. Some 
pellets however remained intact for the full two years of the project.
For the environment at Durikai, shade, leaf litter and herbaceous growth 
in wooded areas did not produce the more rapid decay noted from deer 
research. In fact decay rates were much slower in Durikai State Forest 
than for the cleared and partly cleared areas adjoining the forest. 
Presumably the forest canopy offered protection from rain while the 
sparse vegetation and humus of the ground layer did not retain moisture 
or interfere directly with kangaroo droppings.
Pellet decay rates within particular habitats were not influenced by 
usage patterns of domestic stock or wildlife. Differences in pellet 
decay rates related to trampling of pellets or differences in ground cover 
resulting from grazing pressure were not detected. More specifically for 
cleared and wooded habitats, there was no evidence to suggest that pellet 
decay rates varied with distance from the interface between the two 
habitats. This was an important consideration as a major aim of the 
thesis (Sections 3 and 4) was to establish whether kangaroo distribution 
(as defined by faecal pellet counts) was influenced by such interfaces.
Both Caughley (1964a) for western Queensland and Taylor (1980) for 
coastal Queensland found that grey kangaroo pellets showed little sign 
of decay for at least four months. Results from the Durikai study 
indicated that significant pellet losses could occur well before this 
16 week period. Later work at Bol Ion in western Queensland showed that 
heavy losses of pellets took place within eight weeks due to termites.
Bias resulting from the disappearance of pellets voided during the 
survey period is a problem that has been recognized since the development 
of pellet surveys as a census tool. It is a problem, however, that has 
largely been ignored. Taylor and Williams (1956) and more recently 
Batcheler (1973, 1975) suggest that any pellet census should be based on 
two separate estimates of total pellet density (M-j and M 2 ) made at dates 
t-j and t2  respectively. Decay rate is measured as an exponential function
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of the rate at which pellets present at t-j disappear. For census at 
t-j a subsample of pellets, k-j is marked. At t£ the number remaining in 
this subsample, is used in the following formula to estimate P, the 
true number of pellets voided between dates t-j and t^ :
P = [M2 - M 1 (k2/l<1 )] [loge (k1/k2)]
[ l - ( k 2 / k 1)]
This methodology provides a correction factor for pellet losses over 
any specified time period and does away with the need to assign ages to 
pellets encountered in the field (refer following section).
Difficulties were encountered with this procedure. Assessment of 
loss rate is calculated by monitoring a cross-section of the pellet 
population present at the time of the first census. Most of these pellets 
are already old. As noted previously, for kangaroo faecal pellets, any 
substantial losses occurred with fresh pellets. Such losses are not 
detected by the above method which takes no account of the decay rates 
of pellets voided between the two surveys. Decay rates obtained are 
dominated by rates for old pellets and not the initial, more rapid 
disappearance of fresh pellets. The method also assumes that a represen­
tative sample of pellets is selected as the control group. Obtaining an 
unbiased approximation of such a sample would appear critical to the 
success of the technique.
Another problem with this method is the time involved in finding, 
recording and then relocating a representative subsample of the first 
census. Shifting old pellets to convenient control plots proved 
unsuccessful as this invariably caused rapid breakdown not typical of 
in situ pellets. As Taylor and Williams (1956) recommend that a reduction 
in pellets from the control group (k-j) of about 30 per cent is necessary 
between surveys, repeated surveys at short time-intervals are precluded. 
For Durikai around six months between surveys would be required and this 
was unsatisfactory for the type of study planned.
An attempt was made to overcome these difficulties while maintaining 
the exponential decay principle of Taylor and Williams (1956). It was 
decided to base surveys on a single count of pellets judged to be within 
a particular age range (t-j to t^) • Assessment of decay was derived from 
losses to control groups of fresh pellets placed out at the start of the 
presurvey deposition period (f-j at t-j). The number remaining at the time
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of the survey at t2) was used to provide a term that corrected for 
losses of pellets deposited between t-j and t  ^•
P= M[ioge 
■ i - (f2/fi)
where P = census total corrected for losses; and 
M = census total.
This procedure, like that of Taylor and Williams (1956) assumes a 
constant rate of decay for the presurvey deposition period and as such 
oversimplifies the process. However it does give a standardized method 
of adjusting for losses over the time period of interest.
1.6 The Age of Faecal Pellets
1.6.1 Background
The accuracy and precision of pellet counts rely heavily on the 
ability of survey personnel to determine the ages of faeces found on 
survey plots. It is only by relating pellets counted to specific time 
periods that any form of meaningful density statistic can be produced.
This aspect of survey design is difficult to standardize successfully and 
is responsible for a large proportion of the bias in surveys (Burgoyne 
and Moss, 1977).
Within any area, weather factors may induce differential aging of 
faecal pellets deposited at the same time. Colour, moisture content and 
the state of decay of pellets and position in relation to ground cover 
are cues that have been used to compare age of pellets (Arthur and 
Aldridge, 1980). It is widely recommended that pellet counts should not 
be held within a few days of rain as moisture masks comparative ages 
CRobinette et a i . ,  1958; Neff, 1968a; Ryel, 1972). Gross geographical 
circumstances may facilitate decision making. For example, in the 
deciduous forests of North America censuses of deer herds are undertaken 
for the winter range using spring pellet surveys. Here only pellet groups 
found on top of the previous autumn's leaf litter are counted. In this 
manner subjective aging of pellets is avoided. However, the method is 
far from foolproof (e.g. Eberhardt and Van Etten, 1956; Van Etten, 1959; 
Van Etten and Bennett, 1965; Neff, 1968a; Ryel, 1972; Burgoyne and Moss, 
1977).
Outside the deciduous zone an alternative is to mark or place fresh
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pellets in varying habitat types at a preselected time before a survey 
is to be held. At the time of survey the control groups of known age 
are examined and pellets encountered during the survey are included or 
excluded according to visual comparison with the control set from a 
similar habitat type.
Another strategy that has not been widely adopted is the one 
described by Taylor and Williams (1956). This was discussed in the 
previous section and relies on two separate surveys of pellet density. 
Disappearance of pellets from a marked subsample of the first survey is 
used to define an exponential loss term. From this the difference in 
census total between the two surveys is adjusted to provide an estimate 
of the number of pellets voided in the interval between surveys. The 
method obviates the need to make judgements regarding pellet ages.
A solution to the problem of age determination of pellets is to 
establish permanent plots which are cleared of pellets at each count.
The main objection to establishing permanent plots is the time and cost 
involved which dictates that the method is only suited to long term 
studies and areas of high pellet density. Other problems relate to the 
difficulty of relocating each site and the time involved in removing 
pellets from the plots. A partial solution to this latter problem is 
to spray pellet groups with paint or otherwise mark them to overcome the 
need to actually move them from the plot (e.g. Bever, 1955; Hart, 1958;
Jul ander and Jeffery, 1964; Me Kean, 1965; Burgoyne and Moss, 1977; 
Papageorgiou, 1978; Cairns and Telfer, 1980). The only experimental 
verification of the method, however, by Kufeld (1968), provided 
inconclusive results.
1.6.2 Pellet aging for grey kangaroos
The procedure adopted for surveys at Durikai was to use temporary 
plots and rely on identifying pellets within a specified age range 
(usually eight weeks). Initial work on the seasonal movement aspect of 
the project indicated that at least 300 plots (each of 10m2) per survey 
would be required to attain the required confidence limits (SE < 10 percent) 
Establishing and maintaining this number of permanent plots was not an 
attractive proposition. Instead, 30 permanent plots covering varying 
habitat types were maintained. On each survey, fresh pellets (100-150) 
were placed on these plots and on subsequent surveys were used as the 
base for the age determination of pellets encountered on sample plots. 
Caughley (1964a)used this method to survey kangaroo pellets four months
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of age or less and a similar procedure was followed by Taylor (1980) to 
survey grey kangaroo pellets up to the age of four to six months.
Two reliable indicators of pellet age were found to be colour and 
texture of pellet surface and interior. The experience gained at 
Durikai suggested that all pellets not obviously well within the age 
limit being used should be broken apart so that interior colour and 
texture can be compared with that of the control group. Particular care 
must be taken if rain has fallen immediately preceding the survey. Fresh 
pellets can have their external appearance dramatically altered by rain 
although in these cases pellet interior usually remains similar to that 
of pellets not so affected. The age of pellets moist from rain could not 
be determined with confidence. Records of pellets on the permanent plots 
indicated that once pellets reached an age of 12-14 weeks it became 
increasingly difficult to judge comparative age. Surveys at short 
intervals would appear to provide much more accurate results than those 
based on long deposition periods.
To gain an indication of the error likely to result from a decision 
to use temporary plots and aging of pellets against a control group, a 
trial was conducted. From the control plots for cleared habitat, stocked 
with pellets at two-weekly intervals for a period of 18 weeks, the author 
was tested on his ability to identify pellets < 8 weeks of age. The 
author was presented with pellets of similar age in lots of three which 
represented the modal size for pellet groups at Durikai. These were 
selected in random order from the nine groups. For each test group where 
the author was in doubt, one or more of the pellets was broken apart to 
aid assessment of age. Undamaged pellets were then returned to the 
examiner.
A summary of sample sizes and results obtained is presented in 
Table 2. Results indicate that the error term is small, even disregarding 
the balancing effect of wrong decisions to either side of the eight week 
point. The method provides a level of accuracy quite acceptable for 
field sampling. The critical period for eight-weekly surveys would 
appear to be approximately two weeks either side of the set time period.
Associated with pellet aging is the problem of detecting pellets 
actually present on plots. At Durikai this became more difficult as 
pellets became older. They developed a lighter surface colour that 
merged with the background and pellets tended to settle into the ground 
cover/litter with time. It was found that counting conditions were poor 
during late afternoon and early morning when acute sun angle and low light
Age
(week
2
4
6
8
10
12
14
16
18
34
Number of
groups Correct Incorrect Percentage error
20 20 0 0
20 20 0 0
30 28 2 6.6
30 27 3 10
30 27 3 10
25 25 0 0
20 20 0 0
15 15 0 0
15 15 0 0
Table 2 Accuracy with which pellets of varying 
ages were divided into groups ^ 8 weeks 
old and > 8 weeks old.
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intensity created poor visibility. This observation contrasts with that 
of Bennett et al. (1940) and Ryel (1972) who found that in pellet counts 
for deer, early mornings or cloudy days provided the best counting 
conditions.
1.7 Size and Shape of Sample Plots
1.7.1 Background
As noted by Neff (1968a) users of the pellet count technique have 
employed widely differing plot sizes. Plots as large as 4000m2 (0.4 ha) 
(Bennett et ai., 1940) and as small as 0.1m2 (0.00001 ha) (Taylor et al., 
1935) have been reported, although the most commonly used have been 10m2 
(0.001 ha) (e.g. Rogers et ai.r 1958; Bowden et ai., 1969; Mc Cul lock, 
1969; Mc Connell and Smith, 1970; Anderson et ai., 1972; Stormer et ai., 
1974; Patton, 1976; Pojar, 1977; Telfer, 1978; Medin and Anderson, 1979; 
Cairns and Telfer, 1980) and 40m2 (0.004 ha) (e.g. Rasmussen and Doman, 
1943; Rogers et ai., 1958; Krefting and Hansen, 1969; Costa et ai., 1976; 
Davis, 1977). While choice of plot size may be guided by pellet densities 
being sampled and statistical or practical requirements, the most 
important limitation is the visual bias of observers (Neff, 1968a).
The justification for using pellet counts and indeed any survey 
based on signs, is that the signs are easier to locate and count 
accurately than the animal itself. In this context, pellet counts are 
something of an anomaly as observers apparently fail to see all the pellet 
groups they come across. Although Riney (1957) found that experienced 
teams could closely duplicate the results of others, Neff (1968a) reports 
a trial where eight experienced observers counted only 45-76 per cent of 
pellet groups present in a simulated survey. The proportion of pellets 
on a plot that are actually counted is a function of grass height, ground 
litter, illumination, colour contrasts, observer efficiency and size of 
plot. The most readily manipulated of these sources of visual bias is 
plot size.
Experiments in deer survey show that where comparisons are made 
between plots of varying sizes, the highest counts per unit area are 
almost invariably returned for the smallest plot size (e.g. Ferguson,
1955; Robinette et al., 1958; Harris, 1959; Neff, 1960; Smith, 1964;
Smith, 1968; Batcheler, 1973). It is recommended by Smith (1968) and 
Neff (1968a) that plots as large as 40m2 should not be used. Neff 
(1968a), Smith (1964) and Robinette et al. (1958) suggest that plots of
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10m2 may be most suitable. Smaller plots (e.g. 3 m 2) may involve 
inefficient use of time for little counting advantage and there is some 
evidence to suggest that results from very small plots tend to be 
erratic (Smith, 1968).
Several theories have been put forward to explain this phenomenon 
of visual bias. The most commonly suggested explanation is that observers 
become less efficient at finding all pellet groups actually present as 
plot size becomes larger (e.g. Eberhardt and Van Etten, 1956; Smith,
1968; Neff, 1968a; Ryel, 1972). This would also appear to be confounded 
with the differing statistical properties associated with varying plot 
sizes and shapes (Smith, 1968).
Robinette et al. (1958) suggest that an additional factor favouring 
higher counts for smaller plots is that observers tend to place small 
plots into convenient spaces within shrub and tree vegetation. Such 
clearings are favoured by animals.
An alternative view is offered by Batcheler (1974, 1975) whose New 
Zealand deer research implies that higher counts for smaller plots result 
from observers classing scattered pellets or parts of pellet groups 
falling within a plot as whole groups. The necessity for decisions in 
this regard occurs most frequently with small plots because as plot size 
decreases the ratio of perimeter to area increases. Observers apparently 
show a positive bias in decision making.
While available evidence suggests that visual bias is the major 
factor to be considered in choosing a suitable plot size, practical and 
statistical requirements also need to be examined.
With larger plot sizes it becomes increasingly difficult to maintain 
accuracy in the location of plot boundaries. The size of the field survey 
team available needs to be considered as does the time allocation 
necessary to define plot boundaries. In practical terms small plots are 
favoured.
In statistical and logistical terms, the optimum size of sample plots 
is a function of pellet density. In general, small plots should be used 
for high pellet density situations while large plots should be used where 
pellet density is low. Where for sampling efficiency a large plot is 
required, Smith (1964) suggests that clusters of small plots should form 
the sample unit. The system combines the counting accuracy of small 
plots with the sampling efficiency of large plots.
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The most commonly utilized shapes for plots are circles and 
rectangles. For both mechanical and statistical accuracy, available 
evidence strongly supports the use of circular plots for pellet counts 
(Robinette et ai., 1958; Neff, 1968a). Circular plots are more 
accurately and easily defined and the ratio of area to perimeter between 
circles and rectangles of similar area increases the likelihood of 
rectangle boundaries cutting across pellet groups. These recommendations 
apply to small (e.g. < 40m2) plots. Squares and rectangles are an 
easier shape to handle with large plots (Seber, 1973). A major advantage 
of small circular plots is that they can be readily defined in the field 
by one individual. A team of at least two is usually required for strip 
or square plots unless very small, portable quadrats are used (Robinette 
et a l., 1958).
1.7.2 Plot size and shape at Durikai
Plot sizes of 3 m 2 (Caughley, 1964a) and 5 m 2 (Taylor, 1980) have 
been used for pellet counts of grey kangaroos. It was considered that 
plot sizes larger than 10m2 would be too difficult for one person to 
accurately delineate or count under the field conditions experienced. 
Circular plots of 10m2 and 3 m 2 are the most widely recommended for deer 
surveys. An experiment was conducted to compare pellet densities returned 
by these two plot sizes. The plot sizes were compared for three habitat 
types: forest, partly cleared forest, and cleared country. Restricted 
random sampling was used with randomly located transects and concentric, 
circular plots located along these at intervals of 20m. Plots were 
defined in the field by rotating a 2m ranging rod, marked at the 
appropriate radii, around the plot centre. Each plot was surveyed for 
pellets judged to be 16 weeks or less in age. Totals were recorded for 
pellet groups and individual pellets.
For forest, 13 transects (515 plots) were surveyed from 33 km2 . For 
partly cleared forest, three transects (132 plots) sampled a 10km2 block 
of regrowth and 12 transects (250 plots) were surveyed from 20km2 of 
cleared grazing land. Results were computed as pellet group and pellet 
population estimates for each habitat type. Plot totals were pooled for 
each transect to reduce per plot variability and the problems associated 
with zero returns for large numbers of plots. As transect lengths varied 
within each habitat type results were calculated using Jolly's ratio method 
(Norton-Griffiths, 1975a). Table 3 outlines the procedure followed.
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Y = Z.R
A
where Y 
Z
A
R
estimated population total 
area of census zone
ratio of pellets counted to area searched.
Var (Y) = .N--Üj-~-nI (sy2 - 2R . szy + R2 .sz2 )
where Var (Y) 
N 
n
2
sy
2
sz
szy
variance of population estimate
number of transects in the census zone
number of transects surveyed
var. between pellets counted
var. between areas counted
co-var. between pellets counted and areas 
counted.
To accommodate discontinuous transects an approximation was made 
for N:
Na n Z
£z
where Na
£z
approx, for N 
total area surveyed
Table 3 Procedure used to calculate pellet group and individual 
pellet populations from two sizes of circular sample 
plots (Jolly's ratio method).
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Density estimates for each habitat type returned by the two plot 
sizes were compared using the t statistic. Small sample sizes tend 
to be associated with large variances and this may favour a 'no significant 
difference' result for comparisons between samples. To further guard 
against this possibility and to increase degrees of freedom for signifi­
cance testing, population estimates (pellets and pellet groups) and 
variances for the three habitat types were treated as strata and pooled to 
provide an overall mean. The t test was again used to test the 
significance of the difference in population estimates (Table 4).
Comparison of population densities and variances returned by the two plot 
sizes indicated no significant difference for any habitat type or the 
pooled totals, for either pellets or pellet groups. To achieve estimates 
of standard error for pellet totals equivalent to those of the 10m2 plot, 
the sample size for the 3 m 2 plot would have to be doubled for forest and 
partly cleared forest and almost doubled for cleared country.
The absence of significant variation between pellet density estimates 
for the two plot sizes contrasts with the deer research noted previously. 
The results reflect the differing defecation habits of kangaroos and deer 
and suggest that pellet distribution rather than plot size may be the 
factor favouring higher counts for smaller plots in deer surveys. The 
findings support the view of Batcheler (1973, 1975) that the major source 
of error is the unwarranted inclusion of pellet groups on small plots. 
Because the ratio of perimeter to area increases with decreasing plot size 
the likelihood of plot boundaries crossing pellet groups increases. When 
a plot boundary divides a pellet group comprising a large number of 
pellets as occurs with deer, observers are not efficient at estimating 
the proportion of the group lying either side of the plot boundary. This 
problem is not as pronounced in kangaroo surveys because of the small 
number of pellets per group and their dispersed pattern. In view of this, 
further examination of optimum plot sizes for kangaroo surveys is 
warranted although circular plots of 10m2 approach the maximum size that 
can be accurately delineated and searched by a single observer in the 
habitats monitored.
The differences in sampling efficiency returned for the two plot 
sizes suggest that the larger plot (10m2) is more suitable. Doubling 
sample size of the 3 m 2 plots would provide similar variances and this 
would be achieved with a survey of approximately half the total area 
required for the larger plot. However, the time required to locate, 
define and record results from both plot sizes does not vary greatly.
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Type of s ite 10 m2 plot 3 m2 plot df t P
Forest 4171 + 13 4074 + 19 24 0.1 0.92
Partly cleared forest 8685 + 10.5 7305 + 22 4 0.73 0.51
Cleared land 2172 + 25 2036 + 32 22 0.16 0.87
Total 4253 ± 9.2 3940 + 13 54 0.48 0.63
Forest 1039 + 13 1050 + 19.5 24 0.04 0.97
Partly cleared forest 2029 + 16 1623 + 19 4 0.9 0.42
Cleared land 529 + 30 571 + 35 22 0.16 0.87
Total 1034 + 9.8 989 + 13.5 54 0.27 0.79
Table 4 Density of pellets and pellet groups estimated from 
sampling in two sizes of c ircu la r plots (values are 
means ± percentage standard errors, per km2 per day).
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It is this aspect of surveys as much as searching a particular area of 
ground that uses up time in the field. Furthermore, it does not always 
follow that the smaller plot can be counted faster (Smith, 1968).
Because the ratio of perimeter to area is higher for the 3 m 2 plot, 
greater care is required in defining plot boundaries and deciding on 
inclusion of pellets near this boundary.
1.8 Distribution of Sample Plots
As with most aspects of the pellet count technique a wide range of 
survey designs is noted in the literature. Although complete counts may 
be possible for small areas (e.g. Wing, 1962; Neff, 1964; Smith, 1964;
Me Kean, 1965), sampling is the strategy adopted in most studies.
Sampling may be entirely subjective (e.g. Leopold et al., 1951;
Me Cullock, 1969; Warren, 1971; Slater and Hudson, 1980), systematic 
(e.g. Saunders, 1963; Anderson et al., 1972; Medin and Anderson, 1979) 
or random (e.g. Bennett et al., 1940; Dasmann and Taber, 1955; Brown,
1961; Krefting and Hansen, 1969; Davis, 1977; Papageorgiou, 1978; 
Dinerstein, 1979). In most cases, however, restricted random sampling 
is the most advantageous (Neff, 1968a) and is the most widely used. This 
method combines the well dispersed coverage of systematic sampling with 
the statistical requirement of randomness.
Where restricted random sampling is used, some form of stratification 
of the study area is usually necessary to reduce the size of the area of 
interest to manageable units. Ideally this should be based on properties 
of the environment relevant to the animal being investigated, for example, 
habitat type (e.g. Wallmo, 1958; Van Etten, 1959; Dinerstein, 1979;
Rogers and Myers, 1980). Least desirable are sampling patterns designed 
around linear features (natural or man-made) such as creeks and roads 
(e.g. McCain, 1948; Hanson, 1954; Gallizioli, 1958; Wing and Buss, 1970). 
Unless the specific influence of such features on animal distribution is 
being examined, such surveys are subject to bias. The most common form 
of stratification reported in the literature is that planned from 
statistical, administrative or arbitrarily defined geographic units 
(e.g. Hansen, 1954; Bever, 1955; Rogers et al., 1958; Sanders, 1963;
Ryel and Bennett, 1964; Ogren, 1964; Jul ander and Jeffery, 1964;
Me Cullock, 1969; Ryel, 1972; Pojar, 1977; Anderson, 1977; Burgoyne and 
Moss, 1977; Telfer, 1978).
Sampling of a study unit may be achieved by allocating single plots 
(e.g. Bennett et al., 1940; Dinerstein, 1979), clusters of plots
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(e.g. Eberhardt and Van Etten, 1956; Jantzen, 1957; Van Etten, 1959;
Welch, 1959; Smith, 1964; Me Connell and Smith, 1970; Telfer, 1978;
Rogers and Myers, 1980) or belt transects (e.g. Sanders, 1963; Lyon, 1979; 
Miller et ai., 1981). Of these, belt transects are relatively more prone 
to missed group error (Bever, 1955; Hart, 1958; Neff, 1968a). The 
standard design for pellet counts is to establish systematically spaced 
plots along randomly located line transects (Neff, 1968a). Robinette et 
ai. 0958) confirmed that general sampling procedures from botanical 
survey work (e.g. Clapham, 1932; Hasel, 1938; Pechanec and Stewart, 1940; 
Bormann, 1953) held true for pellet surveys and these guidelines have been 
widely adopted. They found that long narrow plots (belt transects) were 
superior to short, wide ones and that segments could be systematically 
omitted from these without greatly impairing sampling efficiency. This 
in effect is what a transect of equi-spaced circular plots accomplishes 
(Robinette et al., 1958:414). Robinette et al. (1958) also recommended 
that plots should be closer together than transects for best sampling 
efficiency.
As with any form of sampling, sample size required for a set 
requirement is inversely proportional to target density and uniformity 
of distribution. An inverse relationship will also exist between size of 
the total study area and the proportion of it that needs to be sampled. 
Preliminary estimates of pellet density and distribution allow appropriate 
sample sizes for particular confidence limits to be estimated.
1.9 Reliability of Pellet Counts as an Index of Grey Kangaroo Density
Using individual pellets as the sampling entity and a sample plot 
size of 10m2, two separate surveys were held for the Durikai State Forest 
(33 km2) to test whether pellet counts could provide a repeatable index of 
kangaroo density. As the area is a State Forest, sport and professional 
shooting are prohibited. The site is also reasonably proof against 
kangaroo migration with the Cunningham Highway and railway line to the 
north and well maintained 2m high mesh fences to the east and south. 
Extensive blocks of cleared land to the east and west discouraged 
migration (Figure 8). As both surveys were held during the winter of the 
one year, the possibility was minimized of results being influenced by 
seasonal movements of kangaroos into or out of the forest. Therefore 
during the time that survey work was conducted, the kangaroo population 
and associated pellet population, were expected to remain stable.
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Figure 8 Location of the Durikai study area
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Surveys were conducted in winter to minimize pellet losses due to 
insect attack and heavy rain. A series of permanent plots was maintained 
to monitor pellet losses and for use as an aging base for surveys (refer 
Sections 1.5.2, 1.6.2). Pellet visibility was good as the ground layer 
vegetation was sparse in most sections of the forest. Terrain was 
generally flat. For sloping ground, plot boundary definition was 
adjusted for slope to attain vertical perspective areas (Leopold et ai., 
1951; Harris, 1959; Neff, 1968a).
Restricted random sampling with systematically spaced circular plots 
(10m2 ) along randomly located transects was used. As the study area was 
heterogeneous in vegetation structure a means of sampling this diversity 
was desirable. Stratification into habitat types was considered unwise. 
While animal usage patterns varied markedly with changes in habitat, the 
relevant habitat appeared to be the shrub and ground layers rather than 
the forest canopy. Aerial photo interpretation indicated that these 
habitats were impossible to define without an intensive ground mapping 
programme that was beyond the scope of the study. This suggests that for 
pellet counts to be of practical value as indicators of kangaroo 
abundance, the method would need to be robust enough to accommodate the 
habitat variation characterizing the Durikai area.
Transects straddling the whole area were also impractical. Such 
transects would have been excessively arduous and difficult to navigate.
As a means of sampling habitat diversity it was decided that well dispersed, 
short transects could compensate for lack of stratification into habitat 
types or transects crossing all habitat types. At this point the 
mechanics of computing survey results were taken into account. It was 
decided to estimate pellet density on a transect basis rather than by 
individual plots. This avoided the statistical problems associated with 
using data sets containing large numbers of 'zero' observations. On the 
other hand, variances can normally be minimized by maximizing sample size.
A compromise was to select a transect length approaching the minimum 
possible while still returning pellet totals for all transects. Sampling 
based on pellets four weeks or less in age determined that approximately 
25 plots per transect were suitable for this purpose. A spacing of 20m 
between plots was considered suitable as it provided reasonable coverage 
along transects while offering relatively economical use of time spent 
pacing between plots. All transects of 25 such plots extended for a 
distance of 0.5 km. To incorporate transects 0.5 km long into the survey 
design a 0.5km grid was placed over a photo mosaic of the study area
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CFigure 9). This grid pattern provided dispersed coverage with grid 
squares large enough to he accurately located by reference to forestry 
tracks, vegetation type and terrain.
The grid cells were also a useful base for study of kangaroo 
habitat preferences (Section 2). With this latter point in mind, each 
grid cell was sampled by two parallel transects 100m apart. Starting 
point of the first transect was selected randomly along either the 
eastern or western edge of the grid cell. All transects were run east- 
west and delineated by compass with all spacing measurements paced.
Grid cells to be sampled were selected without replacement through the 
use of random numbers tables (Figure 10).
The first survey was held in May, 1978. A presurvey deposition 
period of five weeks was used. A total of 19 cells was surveyed providing 
a sample of 38 transects and 950, 10m1 2 plots. In July, 1978 a further 
survey was conducted based on a six-week deposition period. In this 
case 22 cells (44 transects, 1100 plots) were sampled. The distribution 
of survey cells for both surveys is shown in Figure 9. Losses of pellets 
from permanent plots prior to survey were negligible and no adjustments 
to results to compensate for losses were necessary. The methodology 
adopted to compute results was for two stage sampling (Cochran, 1963).
The procedure followed is outlined in Table 5.
The May survey returned a faecal pellet density of 4634 ± 19% pellets 
per km2 per day (Y ± SE) and the result for July was 5071 ± 19% pellets 
per km2 per day. The t test showed no significant difference between 
population estimates from the two surveys (t = .335, df =39).
As there was no significant difference between the density estimates 
for the surveys they were merged as follows (Cochran, 1963):
y  =  ( W - |  . Y-| ) + ( W 2 . Y2)
W -j +  VJ2
- = 1 
and Var (Y) W] + W2
1
Var (?)
where W
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Figure 10. Two stage sampling design for the faecal pellet censuses
at Durikai State Forest.
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m = subunit sample (per cell)
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Table 5 Procedure for calculating census results from two- 
stage sampling.
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The combined surveys returned an average density of 4833 ± 13% pellets
A
per km2 per day (Y ± SE) from a sample of 41 cells. Substitution of larger 
sample sizes (cells and transects) in the equation for standard error 
indicated that a sample size of approximately 50 cells would be required to 
provide a standard error of 10 per cent. In terms of this area and this 
survey design, five man days (10 cells x 2 transects, per day) would be 
required to return a faecal pellet population estimate within the usually 
accepted 20 per cent standard error range for 95 per cent confidence limits. 
As a means of gathering kangaroo density indices for small nature reserves 
or key habitat areas that feature habitat balances precluding counts of 
kangaroos, a time input of this magnitude would not be unreasonable.
Results from the above surveys are encouraging as they suggest that 
faecal pellet surveys can be used to supply a repeatable index of kangaroo 
density. The area surveyed was chosen as it provided a kangaroo popula­
tion confined to a specific block of forestry reserve and protected from 
man induced mortality. Over the two months between surveys little 
population change could be expected and this is reflected in the census 
results.
The design of the surveys was a compromise between validating the 
usefulness of pellet counts as a census tool and providing data to be 
used in a further study of kangaroo habitat preferences within Durikai 
State Forest. While it proved satisfactory for the requirements of the 
study, it is not suggested that the methods used were ideal, particularly 
for a census of faecal pellet density. With both surveys, within cell 
variance was low. Correlation between the two transects within each cell 
was 0.58 (P < 0.01) for the May census and 0.86 (P < 0.005) for July.
With this area and this sampling pattern, a better approach to census 
work would probably have been accomplished through simple random sampling, 
using the grid to define starting points of single transects.
While the results of this study justify the use of pellet counts for 
census work, the shortcomings of the method should not be underestimated.
As well as the sources of error discussed earlier, the technique may only 
be used to provide indices of abundance and not actual kangaroo numbers. 
Converting pellet density estimates to kangaroo numbers presents many 
difficulties. Long term monitoring of daily defecation rates may 
eventually provide reliable conversion tables. However, it is doubtful 
whether the accuracy claimed for deer can be matched for kangaroos. The 
daily number of pellet groups is much higher for kangaroos and the number 
of pellets per group varies markedly between different habitats (refer
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Section 1.4.2). Here total number of pellets passed per day offers the 
greatest scope for calculation of the defecation rate. As preliminary 
trials indicate a daily average in the vicinity of several hundred pellets, 
a potential for large variation must be expected. The close agreement, 
however, between results of the two surveys of Durikai Forest does support 
the claim that defecation rate is near constant.
For most purposes there is no necessity for density estimates in 
faecal pellets to be converted to actual kangaroo numbers. As a means 
of analysing comparative density or population trends, a density index is 
of equal value. In spite of the problems encountered with faecal pellet 
counts, one must consider the alternatives available for kangaroo 
abundance estimates in country featuring dense forest cover. The 
preference of grey kangaroos for habitats offering concealment is well 
documented with Caughley's (1964a) findings based on faecal pellet counts. 
Aerial survey, the only method of proven reliability in kangaroo census 
work is not suited to the class of country typical of the Durikai area.
Two aerial surveys across the region during March and July, 1978 returned 
grey kangaroo densities of 1.4 ± 0.35 and 1.8 ± 0.5 kangaroos per km2 
(Y ± SE). No correction was made for habitat type (transect 200m, 
altitude 76m, speed 160 km/hr, sampling intensity 2%). These surveys 
provide density estimates for open woodland habitats separating the 
forest zones where density of the canopy precluded kangaroo counts.
1.10 Pellet Counts and Habitat Usage Studies
1.10.1 Background
While the role of pellet counts as a survey tool in population 
assessment work is well accepted, any use of the method as a guide to 
habitat usage must be finely attuned to the known behaviour of the 
animal involved. Correlations between pellet density and habitat type 
often take for granted that density of pellets is related to time spent 
in a particular area or is indicative of animal preferences. Unless 
supportive evidence is available this cannot be assumed and pellet 
density can only be safely related to 'areas where animals defecate'.
As Anderson (1969) points out, for any animal, it is unlikely that rate 
of faecal deposition is a linear function of time or that defecation 
rates are similar regardless of activity pattern or habitat type.
Some studies (e.g. White, 1960; Welles and Welles, 1961; Loveless, 
1967; Krefting and Hansen, 1969; Cairns and Telfer, 1980) have confirmed 
the usefulness of pellet counts in habitat preference studies for mule
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and white tailed deer, by simultaneously monitoring animal movement 
patterns by alternative survey methods. While these studies suggest 
a one to one correspondence between pellet density and time spent in 
a particular area, other research including that into the same species 
of deer has established that the relationship is rarely this simple.
For most of the large North American ungulates it has been demonstrated 
that faeces deposition is more closely associated with activity cycles 
than with time spent in an area (e.g. Leckenby, 1968; Collins and Urness, 
1978, 1981; Miller et al., 1981; Irby, 1981). Similar patterns have been 
established for elephants (e.g. Wing and Buss, 1970; Vancuylenberg, 1977). 
While pellet counts are a valid means of analysing animal habitat usage, 
available evidence suggests that patterns defined will refer to specific 
activity cycles rather than total usage patterns.
1.10.2 Defecation and daily activity for grey kangaroos
For the trial study of defecation rates at Lone Pine Sanctuary 
(refer Section 1.4.2) the enclosure was cleared twice daily to correspond 
roughly with the late afternoon to early morning feeding session (4pm to 
8 am) and the day resting period (8 am to 4 pm). A separate defecation 
rate for these two periods could therefore be calculated. Classification 
of these activity cycles was based on published material dealing with 
behavioural patterns of the grey kangaroo (e.g. Caughley, 1964a;
Kaufmann, 1975; Taylor, 1980) and on personal observation. Results are 
presented in Table 6.
Caughley Cl964a:242) states, "As most faeces are dropped at night 
when the animals are feeding, the dispersion of faeces gives an indication 
of how kangaroos utilize their habitat over a period of time."
The Lone Pine data substantiate Caughley's findings although several 
points need to be clarified. It should be noted that these virtually 
domesticated animals actively foraged in their preferred feeding areas 
sporadically during the day. Wild kangaroos rarely follow this behaviour 
pattern. The major portion of daylight hours is spent in habitat types 
that offer concealment but little in the way of forage. Ground work and 
aerial surveys both indicate that grey kangaroos rest during the day and 
rarely feed. Another point gleaned from fieldwork at Durikai was that 
heavy defecation was not associated with bedding sites in the scrub. 
Likewise at Lone Pine, resting kangaroos rarely defecated. The data 
presented in Table 6 certainly overestimate the pellet contribution for 
day periods because of the tame animals available for the study. Even
Time period Weather pellets/roo/hr
Tuesday fine 11.2
Tuesday night fine 21.6
Wednesday fine 15.1
Wednesday night fine 22.7
Thursday overcast 11.2
Thursday night rain 13.0
Friday clearing 13.9
Table 6 Grey kangaroo defecation rates for day and night 
over a four-day period (Lone Pine Fauna Sanctuary, 
Brisbane).
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for these animals which have become habituated to daytime activity, 
defecation rates are higher for night.
Table 6 also illustrates that defecation rates for day and night for 
the last 24-hour period are similar. Rain appears to have reduced the 
defecation rate, and presumably feeding activity, for the night period.
A similar phenomenon for rabbits is described by Taylor et al. (1956). 
While the possibility of some bias due to rain is not discounted for this 
count, this is thought to be unlikely as the rain was not heavy enough to 
wash pellets away or cause them to break up. The influence of the rain 
day emphasizes one of the problems involved in calculating defecation 
rates. As Smith (1964) points out, deriving mean defecation rates must 
involve a large number of records because of the daily variations of 
individual animals.
Observations made indicate that defecation is as Caughley (1964a) 
states, strongly associated with feeding. This activity is most common 
during the period from late afternoon to early morning. In this context 
it must be stated that pellet counts provide data on feeding distribution 
of grey kangaroos. The method will not necessarily offer an accurate 
indication of overall habitat usage. Day time shelter zones for example 
may exhibit very low pellet densities unless good ground cover is present 
that will keep kangaroos in the area during the feeding cycle.
SECTION 2
HABITAT PREFERENCES OF THE GREY KANGAROO
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2.1 Introduction
While the basic habitat requirements of many wildlife species have 
been intensively studied since the principles of wildlife management were 
first outlined by pioneers in the field such as Leopold (1933), little 
information is available concerning grey kangaroos. Grey kangaroos,
Macropus giganteus Shaw, occupy an extensive geographical range and exist 
in high densities in widely separated and dissimilar environments. Although 
they have evolved for life in a woodland type habitat and are rarely found 
far from shelter (e.g. Frith and Calaby, 1969; Frith, 1973; Fox, 1974; 
Russell, 1974; Kaufmann, 1974; Poole, 1975), limited and often contradictory 
evidence has been produced to explain specific behaviour with regard to 
habitat preferences.
Caughley (1964a) explains grey kangaroo density and dispersion in terms 
of lateral cover. He found that as the concealment factor of vegetation 
increased, the density of grey kangaroos also increased and their cumulative 
dispersion became more random. Frith (1973) also reports that densities are 
highest where dense cover results from regrowth and Russell (1974) states 
that the preferred habitat appears to be relatively dense scrub. The 
foregoing studies neglect the forage component of the habitat. Another 
study (Kaufmann, 1974) found that grey kangaroos fed almost exclusively in 
heavily cleared areas. The importance of cleared habitats adjacent to 
cover has long been recognized, but daytime observation of what is 
essentially a cover-conscious, nocturnal animal does not completely appraise 
its use of habitat.
The above studies relate to food, shelter and water, the basic elements 
of habitat defined by Dasmann (1964). However, each concentrates on either 
forage or shelter, the biotic factors influencing animal distribution 
(Low, 1979). No attempts were made to examine the dual role of these two 
variables in determining grey kangaroo distribution patterns. The recent 
study by Taylor (1980) provides a more balanced approach to the study of 
habitat preferences of the grey kangaroo. The relevance of Taylor's 
findings is discussed in Section 2.6.
Personal observations over several years of regular fieldwork in 
southeastern and southwestern Queensland suggested that for any area 
supporting grey kangaroos, a strong correlation exists between use of a 
unit of habitat by kangaroos and the structure of that unit in terms of 
forage and shelter. Abundance of either in the absence of the other 
generally results in limited utilization unless special circumstances are
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operating. Drought, for example, forces animals to concentrate around 
sources of food and water to the comparative neglect of shelter.
A relationship of th is  type is  in general terms standard for most 
w ild life  species. Odum (1971) for example points out that the re lation­
ship between forage and shelter is  the basic factor determining the 
re la tive  abundance and d istribu tion  of mammals. Dasmann (1964:74) 
describes variations in w ild life  d istribu tions in terms of spacing of food, 
cover and water reserves with large quantities of each mostly unused simply 
because they are spaced too far from other requirements for the animal 
involved. These general princip les are supported by a wide range of 
studies examining d istribu tion  patterns of spec ific  animals (e.g., 
Rosenzweig and Winakur, 1969; Wiens, 1974; Wilson, 1974; Schoener, 1974; 
Ferrar and Walker, 1974; H irst, 1975; Me Closkey and Fieldwick, 1975;
Wilson and H irst, 1977).
For a grazing animal such as the grey kangaroo which prefers woodland 
type habitats, there is  a contradiction between ecological preferences and 
the necessity to obtain forage. Many studies have established that 
a v a ila b il ity  of food is  the primary factor influencing the d istribution  of 
grazing animals (e.g. Howard, 1960; Arnold, 1964; Keast, 1968; Be ll, 1969, 
1971; Kohn and Motty, 1971; Ferrar and Walker, 1974; Berwick, 1974;
Martin, 1978; Jarman and S in c la ir,  1979; Dinerstein, 1979, 1981). However 
as Eisenberg and Seidensticker (1976:298) point out, "The degree of forest 
cover profoundly affects the biomass of larger mammals which can be 
supported" (refer also Behrend and Patrie, 1967; H a lls, 1970, 1973; Nudds, 
1977). As the density of forest cover increases, it s  potential to provide 
grazing forage decreases. For grazing animals which prefer wooded 
habitats, and indeed for most w ild life  species, a common ecological 
compromise is  selection of areas with a high degree of edge or inter- 
spersion of various habitat types (e.g. Elton, 1947; Leopold, 1933; King, 
1938, Elton and M ille r, 1954; Wharton, 1968; Owen, 1971; Eisenberg and 
Lockhart, 1972; Me Kay and Eisenberg, 1974; Eisenberg and Seidensticker, 
1976; Dinerstein, 1980).
Depending on the ecological adap tib ility  of the animal and the variety 
of habitats at it s  disposal many possible habitat usage strategies w ill 
present themselves. The problem from an ecological viewpoint is  to 
separate absolute habitat preferences of an animal from d istributional 
patterns resu lting from necessity. For any study of animal/habitat 
re lationsh ips, data relate to specific  areas and discrete time intervals 
(Thilen ius, 1972). However, findings are often presented or interpreted as
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generalized truths rather than mere descriptions of patterns present in a 
particular location at a particular point in time.
The research described in this section represents an attempt to 
provide a more detailed assessment than is currently available of the 
relationship between grey kangaroo distribution and the distribution of 
basic elements of their habitat. The approach adopted for the study is 
similar to that followed by Caughley (1964a). The study attempts to relate 
kangaroo distribution to simple, structural attributes of the habitats 
utilized with specific reference to shelter and food reserves. At Durikai 
where the present study was conducted, permanent water is readily available 
in all areas and accordingly was not considered significant in contributing 
to the spatial patterning of kangaroo usage of habitats.
2.2 Study Sites
This section of the research project was conducted in the Durikai 
district (Figures 1 and 8) which supports high densities of grey kangaroos 
which are concentrated in forest blocks. The area is part of the traprock 
country of southern Queensland (Wills, 1976) that features palaeozoic 
sediments and interbedded volcanics with shallow, gravelly textured, 
contrast soils. Terrain is undulating. The average annual rainfall for 
the district is 625mm. The mean daily summer maximum temperature (January) 
is 29°C; the mean daily winter minimum (July) is 3°C.
The study of grey kangaroo habitat preferences was completed at two 
study sites within the Durikai district. These were Durikai State Forest 
(Figure 9) and Eddington Station (Figure 6). In Durikai State Forest the 
open forest vegetation forms a mosaic of associations. Narrow leaved 
ironbark (Eucalyptus crebra), with tumble-down gum (E . dealbata) is the 
most common unit with areas of ironbark and yellow box (e . meiiiodora) or 
ironbark and spotted gum (e . macuiata) well represented. Distinctive 
blocks Of White cypress (Callitris columellaris), brown box (e . microcarpa) 
and Baker's mal lee (e . bàkeri) form pure stands. Shrub cover is variable 
depending on forest canopy species, past clearing activity and fires.
Wattles (Acacia spp.) and dogwood (jacksonia scoparia) are widely 
represented. Ground cover ranges from moderate to sparse. Wire grasses 
(Aristida spp.), pitted blue grass (Botkriochloa decipiens), barbwire grass 
(Cambopogon refractus) and love grass (Eragrostis leptostachya) are most 
common.
At Eddington Station a section of the property backing on to forestry
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reserve was selected as the study site. The area provided three distinctive, 
broadscale habitat types. These were climax forest, partly cleared forest 
and cleared country (Figure 6). The vegetation present is similar to that 
of Durikai State Forest. Pasture cover is close for cleared country, 
moderate for partly cleared forest and sparse for forest. Tumbledown gum, 
narrow leaved ironbark and brown box are the most common tress. Acacia and 
dogwood shrubs are well represented in cleared areas and form a dense 
understory in partly cleared forest.
2.3 Kangaroo Distribution
Kangaroo density per habitat was assessed from faecal pellet counts 
(Section 1). A first study was directed towards identifying broadscale 
habitat preferences. Three distinctive habitat types, forest, partly 
cleared forest and cleared country were selected for this purpose. Each 
habitat was sampled for faecal pellets of known age using circular plots 
(lQm2) spaced at regular intervals (20 m) along randomly selected line 
transects. Two surveys were conducted at Eddington Station (Figure 6), 
each of 575 plots (October and December, 1977). One survey of 897 plots 
was completed at Durikai State Forest in September, 1977 (Figure 9). The 
Durikai State Forest survey was the same one used to assess the influence 
of plot size on faecal pellet census results (Section 1.7.2). Data for 
individual pellet totals returned by 10m2 plots as presented in Table 4 
were used in this section of the study.
As a follow up to the broadscale habitat surveys, a second investiga­
tion was undertaken to identify more specific habitat preferences of the 
grey kangaroo. The two censuses of faecal pellet density for Durikai State 
Forest (Figure 9) were used for this purpose (Section 1.9). These two 
surveys (May and July, 1978) sampled faecal pellet density in 36 of the 
132 grid cells (each 25 ha) comprising Durikai State Forest. An additional 
five grid cells were sampled on both occasions (a result of random 
selection). In October, 1978 a further 14 grid cells representing a range 
of habitats not sampled in the census work (purposive selection) were 
chosen and surveyed using the same procedure followed in the earlier counts 
CFigure 10).
The surveys were not specifically designed for studies of habitat 
preference (refer Section 1.9). In most of the 25 ha grid cells, however, 
the habitat was usually near-homogeneous in respect of vegetation type 
(Figure 9) and faecal pellet density relatively uniform. For the total 
sample (55 grid cells), correlation in pellet density between the two
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transects used to sample each grid cell (.Figure 10) was 0.79 (P< 0.0005).
This demonstrates that the sample design used gives a reasonable guide to 
faecal pellet distribution within each 25 ha grid cell.
Direct observation of kangaroos was also undertaken during pellet 
counts; by walking fixed transects in each study area during the day 
(approximately 180 hrs over a two-year period); by spotlighting at night 
(approximately 132 hrs); and by early morning and late afternoon observa­
tion from a vantage point, of kangaroos feeding in cleared country 
(approximately 225 hrs).
2.4 Habitat Assessment for Durikai Forest (Specific Preferences for Habitat)
Forage
Grey kangaroos are primarily grazers and rely heavily on grasses 
(Kirkpatrick, 1965b; Griffiths and Barker, 1966; Griffiths et al., 1974). 
Within Durikai Forest, most of the study area was open forest (> 30 per 
cent projective foliage cover at canopy level; Specht, 1970) with limited 
ground cover, this being composed largely of grasses. As a means of 
comparing food availability for differing habitats, the percentage ground 
cover provided by grasses was determined. Percentage cover is a reliable 
measure of plant abundance (Kershaw, 1973) and for the environment studied 
provided an efficient method of sampling relatively large areas characterized 
by a sparse distribution of grasses. Cover was estimated by point sampling 
with a crosswire sighting tube (Winkworth and Goodall, 1962). The cross­
wire sighting tube returns more accurate results than the standard vertical 
projection of pins as the technique approaches a dimensionless point 
(Goodall, 1952; Winkworth, 1955; Kershaw, 1973). The instrument is also 
simple to use and allows very efficient use to be made of time spent in the 
field (Figure 11). For each 25 ha grid cell sampled for faecal pellet 
density, percentage grass cover was estimated using results from 500 
observation points. Points were spaced at 5 m intervals along five line 
transects each 500m in length. The transects were 100m apart.
She 1 ter
When applied to wildlife habitats the term shelter can have varying 
meanings and, as Nudds (1977:113) points out, there are no consistent 
methods described in the wildlife literature for defining aspects of 
relevance or measuring these components of cover. The most common usage 
of the term is to describe projective cover provided by the tallest stratum 
of plants. De Vos and Mosby (1971) describe canopy assessment as the most 
useful, single guide to general habitat conditions. Where canopy cover is
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Figure 11. Crosswire sighting tube used to estimate canopy and 
ground cover. (Not drawn to scale)
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relatively homogeneous, however, it may sometimes mask substantial habitat 
variability (e.g. Thilenius, 1972; Stocker et ai., 1977). Regional 
habitat classifications based on the sole criterion of canopy cover are 
common and effective and accordingly canopy cover was used to define the 
major habitat types for Eddington Station (broadscale preferences for 
habitat).
However, canopy coverage per se does not necessarily reflect the 
shelter offered to an animal within a habitat. For example, shelter 
provided by tree trunks or shrubs at ground level may be of more 
importance to an animal than the shelter provided by a forest canopy.
Cover in this sense fulfils an escape function as well as habitat needs 
which may have no sound ecological or biological explanation (Dasmann,
1964). Caughley (1964a) found that no relationship existed between canopy 
cover and grey kangaroo density or dispersion. He did, however, identify 
lateral cover or vegetation density on the horizontal plane as a factor of 
major importance. This aspect of cover has been largely ignored by wild­
life ecologists (Guilkey, 1958; Nudds, 1977).
For the present study at Durikai State Forest both canopy and lateral 
cover were measured. The projective foliage cover of the tallest stratum 
was estimated by point sampling with the crosswire sighting tube. The 
instrument was fitted with a mirror and attached to a ranging rod at an 
appropriate level for viewing the canopy (Figure 11). Six transects each 
500 m long and with 100 points spaced at 5 m intervals were surveyed for 
each habitat cell sampled for faecal pellet density. Other ground based 
methods of canopy cover measurement commonly used by plant ecologists 
such as photometry, vertical photography and densitometry are of limited 
value to the animal ecologist (Emlen, 1967). Vertical aerial photography 
was unsuitable for estimating canopy cover because at photo scale (1/25000), 
the habitat cells were too small to allow reliable measurement. Emlen 
(1967) also points out that the method is less accurate than ground based 
sampling using point quadrat analysis.
Estimates of lateral cover are usually obtained by measuring density 
of woody plants per unit area or through use of a density board. Both 
methods have serious drawbacks when applied to wildlife ecology (e.g.
De Vos and Mosby, 1971; Giles, 1971; Nudds, 1977). Caughley (1964a) in 
his study of grey kangaroo ecology recorded lateral cover as the mean 
sight distance from regularly spaced points to the nearest obstruction to 
vision at 'kangaroo height'. In a more recent study Taylor (1980) used a 
similar procedure.
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The method used to estimate lateral cover at Durikai was similar to 
that described by Thomson 0975). This involved photographing lower level 
vegetation against a background screen and analysing each photograph to 
determine the proportion of the screen obscured by vegetation.
In each 25 ha grid cell, 16 regularly spaced photographs were taken 
using a 35mm camera. A 2m by 1.5m roll up screen was held by a field 
assistant and aligned with the sun to eliminate shadows. At each photo 
station the screen was photographed from a distance of 5m with the camera 
1.15m above ground level (Figure 12). A distance of 5 m between the 
camera and the screen was selected for two reasons. First, the distance 
produced a photographic image dominated by the screen. This facilitated 
data analysis (see following). Second, a standard distance was required 
for all habitats and with habitats featuring dense lateral cover distances 
greater than 5m often led to the entire screen being obscured by 
vegetation. Photographing the screen with the camera 1.15m above ground 
level approximated a kangaroo eye's view of the environment.
In the laboratory, images were analysed in a slide projection system 
devised by the Geography Department, University of Queensland. The machine 
incorporates a standard 35mm slide projector which casts an image of 
adjustable size on to the back of an inclined, translucent screen 
(Figure 13). A rectangular grid of 1cm squares (40cm x 30 cm) was 
prepared on clear plastic. This was fitted to the background screen 
recorded on each slide. Squares containing vegetation were counted and 
the percentage of lateral cover for each photograph assessed (Figure 14).
2.5 Habitat Preferences of the Grey Kangaroo
2.5.1 Broadscale preferences for habitat
To compare use of climax forest, partly cleared forest and open 
woodland (cleared country) by kangaroos, pellet densities were calculated 
for each habitat type for the single survey at Durikai State Forest and the 
two surveys at Eddington (Section 2.3). Pellet estimates per habitat type 
were computed from transect totals using Jolly's ratio method (Table 3).
A summary of results is presented in Table 7. Sample sizes were small 
and the precision of the estimates is low. The data, however, are adequate 
for the purpose intended as significant differences in distribution are 
evident despite large variances.
The significance of these habitat preferences is shown using one-way 
analysis of variance (Table 8). The data were initially log transformed
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Figure 12.
Photographing a hand held screen to obtain an index of lateral cover.
Sample unit identification number is recorded on the board held by 
an assistant.
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Figure 13. Slide projection system used to derive indices of lateral cover 
from 35 mm slides (see Figure 12).
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Figure 14. Procedure followed to compute an index of lateral cover
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Open Partly
Survey Woodland Cleared Forest
(pellets/km 2/dayl
Durikai 2172 ± 25 8685 ± 10.5 4171 ± 13
Eddington 1 3702 ± 16 5576 ± 12.7 2732 ± 12.2
Eddington 2 2388 ± 21 6096 ± 9.3 1200 ± 7.7
Table 7 Pattern of habitat use for broadscale 
habitat types (values for numbers of 
pellets are means ± percentage standard 
e rro rs ) .
Survey Source SS df MS F P
Between habitats 9.843 2 4.922 10.41 <0.01
Durikai Within Habitats 11.817 25 0.802
Total 21.66 27
Between habitats 1.867 2 0.934 5.04 <0.05
Eddington 1 Within habitats 3.705 20 0.185
Total 5.573 22
Between habitats 9.147 2 4.573 18.35 <0.01
Eddington 2 Within habitats 4.736 21 0.248
Total 13.883 23
Table 8 Analysis of variance (one-way) assessment 
of comparative usage of broadscale habitat 
types.
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to adjust for the influence of positively skewed data on analysis of 
variance. It can he concluded that, in both the Durikai and the 
Eddington surveys, kangaroos exhibited well defined, broadscale habitat 
preferences. They used partly cleared forest much more than forest or 
cleared country (Figure 15).
A two-way analysis of variance provided similar results (Table 9).
For this analysis the data were log transformed and as there were unequal 
numbers of observations per ANOVA cell, the order of inclusion/removal of 
habitat and survey (sum of squares) from the total sum of squares was 
alternated to ensure that results were not biased by use of one or the 
other method. The result was consistent using either strategy. In the 
three surveys (Durikai, Eddington 1 and Eddington 2) there were significant 
differences in faecal pellet density between the three, broadscale habitat 
types. Two-way analysis of variance also indicated that there were 
significant differences in faecal pellet density between the three surveys. 
This could be expected given that two separate areas were surveyed at 
different seasons and using different sampling intensities per habitat 
type. The interaction term from two-way analysis of variance indicated 
that patterns of habitat usage differed significantly between the three 
surveys. The attractiveness of partly cleared forest to grey kangaroos 
is emphasized. The strength of this preference is clearly evident, not­
withstanding the change in ratio of usage of the three habitats between 
the three surveys (Tables 7 and 9). These changes in proportional usage 
of habitats are related to seasonal distribution patterns of the grey 
kangaroo which are dealt with in Section 3.
2.5.2 Specific preferences for habitat (Durikai State Forest)
Regression analysis
For the Durikai State Forest the initial approach was that of 
multiple regression. The S.P.S.S. package (Nie et al., 1975) was used 
which offers flexibility for experiments with format of variables. 
Preliminary analysis of mean/variance values for independent variables 
indicated that there was only minor measurement error. Scatter plots 
of each independent variable (grass, canopy and lateral cover) against 
faecal pellet density suggested linear relationships. At this stage of 
the analysis the assumptions implicit in linear regression appeared to 
be met (e.g. Austin, 1971; Mead, 1971; Poole and 0 ‘Farrell, 1971).
Although only three habitat variables had been sampled (grass, canopy 
and lateral cover) a range of additional variables was derived from these.
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(a)
Forest
Figure 15. Broadscale habitat types sampled on Eddington Station
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Source SS df MS F P
Between surveys 15.9 2 7.9 25.73 <0.01
Between habitats 4.32 2 2.16 7.05 <0.01
Interaction 7.43 4 1 .858 6.05 <0.01
Unexplained 19.66 64 0.307
Between habitats 7.46 2 3.73 12.15 <0.01
Between surveys ^ 12.85 2 6.425 20.93 <0.01
Interaction 7.43 4 1.858 6.05 <0.01
Unexplained 19.66 64 0.307
Table 9 Analysis of variance (two-way) assessment 
of differences within and between three 
surveys examining broadscale habitat 
preferences of the grey kangaroo.
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Mean/variance ratios for each habitat variable were computed as indices 
indicating high habitat variability are often correlated with animal 
distribution patterns (e.g. Owen, 1971; Hirst, 1975). Multiplicative 
terms for each combination of the original habitat variables were included 
to examine the influence of such combinations as opposed to the variables 
taken singly. Polynomial terms were incorporated to assess whether there 
were simple non-linear relationships between the habitat variables and 
faecal pellet density. The degree ( highest exponent) of the polynomial 
regression equations was determined through the use of hierarchical 
F tests (Nie et al., 1975). With the exception of a single multiplicative 
term (grass xlateral cover) the range of derived, independent variables 
proved to be of limited value as predictors of faecal pellet density.
From the various combinations possible between the dependent variable 
(pellet density) and the independent variables (habitat) the most 
satisfactory regression model comprised three habitat variables. The 
habitat variables providing a significant correlation (stepwise multiple 
regression) with faecal pellet density were the multiplicative term 
(grassx lateral cover), lateral cover and canopy cover. These three terms 
accounted for 62 per cent of the variation in faecal pellet density. A 
summary of the information is presented in Table 10. There may be doubt 
as to the validity of the result as a plot of standardized residuals 
against the standardized dependent variable suggests a trend towards 
increasing variance in predicted values with increasing magnitude of 
values (Figure 16).
The regression model provides a simple combined explanation of the 
relationship between faecal pellet density and the habitat variables 
monitored. The information obtained suggests that the major determinant 
of usage of an area is the balance present between forage (grass cover) 
and concealment available at ground level (lateral cover). However, 
although there is a positive correlation between faecal pellet density 
and both grass and lateral cover (0.64 and 0.35 respectively), in neither 
case did maximum values for the cover variables correspond with the highest 
range of faecal pellet densities (Figure 17). The influence of this on 
the regression model is reflected in Figure 16.
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Variable Simple R Multiple R R Square B F P
grass x lateral 
cover .73 .73 .53 .675 64.8 .01
lateral cover .35 .76 .58 .792 11.5 .01
canopy cover .10 .78 .62 .825 4.04 .05
Table 10 Multiple regression summary of the 
relationsh ip  between faecal pellet 
density (dependent variable) and 
habitat variables.
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Figure 16. Plot of standardized residuals against the standardized 
dependent variable (Table 10).
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Figure 17.
Relationship between faecal pellet density and grass and lateral cover.
.653
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Cluster analysis
In an attempt to define a more rigorous relationship between kangaroos 
and habitats, the sample cells were sorted into habitat types by means of 
cluster analysis. The clustering algorithms produced matrices defining 
similarity between sample plots (25 ha grid cells) in terms of habitat 
structure and allowed the observations to be partitioned into homogeneous 
habitat groupings. The association between kangaroo, faecal pellet density 
and these habitat groupings was next examined. The technique has been used 
successfully in mammal ecology to sort heterogeneous habitats into more 
homogeneous units which can be evaluated in groups (e.g. Thilenius, 1972; 
Norton-Griffiths, 1975b; Stocker et al., 1977; Crowe et al., 1981)^ ' The 
aim of the project was to test the hypothesis that kangaroo density was 
dependent upon a suitable balance between grass and lateral cover. Cluster 
analysis was therefore based on these two variables. While this approach 
introduced subjectivity into the analysis the decision was justifiable in 
quantitative terms. The correlation matrix from the regression programme 
identified these two factors as the most potent indicators of kangaroo 
density (r = 0.64 and 0.35 respectively). Canopy cover and the various 
derived terms provided data sets of little practical significance because 
of the uniformity of these variables between observations. Including such 
variables in the clustering algorithms gave undue weight to these minor 
differences and produced meaningless groupings of habitats. Reliance on 
two-dimensional data is a gross simplification of any habitat and defining 
habitat types from such data could perhaps be satisfactorily achieved by 
simple qualitative analysis of two-dimensional scatter diagrams. Use of 
cluster analysis provided an objective method of classification and 
defined levels of similarity between groupings that were useful in 
identifying relationships.
While a wide range of clustering procedures is available, little 
work has been done on the empirical evaluation of the various methods 
(refer Williams et a l ., 1966; Moore et -al., 1970; Dale and Anderson, 1972; 
Frenkel and Harrison, 1974). As Blashfield and Aldenderfer (1978) point 
out, contradictory conclusions are frequently reported. Williams et al. 
(1966:444) suggest that the only real, objective criterion for evaluating 
a clustering strategy is whether it performs the particular task asked 
of it.
Hierarchical clustering was used as, in general, this form of cluster 
analysis is better known, less cumbersome and more widely used in 
ecological work than other methods (Williams et ai.f 1966:427). As
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different clustering algorithms usually produce dissimilar clusters, it 
is sound practice to process data in more than one way (e.g. Williams,
1971; Frenkel and Harrison, 1974; Clifford and Stephenson, 1974; Stocker 
et al., 1977). The following four hierarchical clustering techniques were 
used:
1. Ward's (Ward, 1963);
2. group average (Sokal and Michener, 1958);
3. weighted pair group (Sokal and Michener, 1958); and
4. nearest neighbour.
This selection was made because of their wide use and suitability in 
ecological studies. The choice incorporated four of the six possible 
families of hierarchical, agglomerative methods of cluster analysis 
(Blashfield and Aldenderfer, 1978). Clustering was performed by means 
of the CLUSTAN 1c (Whishart, 1975) and CLAN 2 (Bagley, 1976) packages.
Dendrograms were produced from each of the clustering methods.
Ward's is possibly the best of the hierarchical options (e.g. Anderberg, 
1973; Frenkel and Harrison, 1974; Wishart, 1975; Stocker et al., 1977). 
Judged on chaining, crowding, imbalance and reversals, the criteria 
suggested by Frenkel and Harrison (1974:36), the method did produce the 
most satisfactory classification and was selected as the base. Partition­
ing of dendrograms poses problems and although a variety of quantitative 
methods of achieving this has been proposed, their mathematical basis and 
practical value is questionable (e.g. Demirmen, 1972; Sneath and Sokal, 
1973; Anderberg, 1973; Davis, 1973; Duda and Hart, 1973; Orford, 1976). 
Because the number of clusters selected as relevant must be guided by 
the aims of the study (e.g. Thilenius, 1972; Anderberg, 1973), the Ward's 
dendrogram was divided into seven clusters. These identified the major 
groupings in the data and a total of seven seemed appropriate to the 
sample size involved. The other dendrograms were divided similarly.
For the seven clusters defined by each method, the appropriate 
density of kangaroo faecal pellets was allotted to each observation.
The resulting clusters of faecal pellet density were then compared by 
two-way analysis of variance. In this way the internal homogeneity of 
each method and the similarity between the different classifications was 
assessed. This approach was considered relevant to the aims of the study 
and overcame the problem of applying signficance tests of questionable 
reliability (Anderberg, 1973) to the habitat partitions themselves.
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Dendrograms derived using Ward's, group average and weighted pair 
group methods of analysis are presented in Figures 18, 19 and 20 
respectively. In each case the 50 observations (grid cells) were 
partitioned into seven clusters. Habitat models constructed to reflect 
variations in habitat are included and arranged according to their 
corresponding average density of faecal pellets as shown on the scale 
for the lower half of each diagram. The nearest neighbour method 
exhibited marked chaining and although the major groupings were comparable 
with those identifiable using the other three classifications, clear 
partitioning was not evident. The method was discarded. Problems of this 
kind are a characteristic of single linkage models, particularly as applied 
to ecological studies (e.g. Pritchard and Anderson, 1971; Clifford and 
Stephenson, 1975; Wishart, 1975).
The three other methods examined produced closely similar classifi­
cations with only minor relocations of closely related subsets and of 
marginal observations. The four clusters from each model supporting the 
lowest faecal pellet density are virtually identical. The major 
differences in groupings revealed by the application of the three 
classifications concern clusters with high faecal pellet densities.
Inspection of the dendrograms illustrates that the three clusters of 
highest pellet density, derived using each method comprise six distinct 
subgroups. Because of the arbitrary decision to use seven clusters and 
variation in the algorithms themselves, these subgroups are partitioned 
in different combinations for each classification (Figure 21). Of course, 
more detailed relationships between clusters could be revealed by lowering 
the partition level. Inspection of the dendrograms, however, reveals that 
any attempt at producing identical clusters for the habitats with high 
pellet densities, through further partitioning, is of no value. The 
pattern of combinations across the major groupings in the dendrograms and 
levels of connectivity within clusters are dissimilar. Resolution of the 
six high pellet density subgroups (Figure 21) could only be obtained 
through a dismembering of the rest of the dendrograms and some of the high 
pellet density subgroups themselves.
Analysis of variance indicated that within each classification 
(Ward's, group average and weighted pair group) the seven clusters 
exhibited significant differences in density of faecal pellets. The 
result suggests that a relationship exists between habitat type and 
kangaroo distribution. Also, no significant difference was detected in 
the density of faecal pellets between the corresponding clusters produced
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Figure 18.
Cluster analysis of fifty sample plots by means of Ward's algorithm. The analysis 
(top) groups the numbered plots into seven habitat types, which are illustrated 
in the lower half of the figure in relation to density of kangaroo pellets (vertical 
axis), and to their proportions of grass and lateral cover.
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Figure 19. Cluster analysis of fifty sample plots by means of the group average 
algorithm. Conventions as in figure 18.
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Figure 20. Cluster analysis of fifty sample plots by means of the weighted 
pair group algorithm. Conventions as in fig. 18.
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Figure 21 Variation between the three clustering algorithms in the 
partitioning of the habitat cells associated with high 
faecal pellet density.
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by the three classifications. The validity of the result for clusters and 
methods was tested by use of the interaction mean square (as well as the 
standard unexplained mean square) to derive the F ratios. A similar 
result was obtained from both strategies. The interaction term identified 
no significant difference in the pattern of combinations of clusters of 
faecal pellet density produced by the three methods. It is evident, 
therefore, that the three methods produced a similar result and that 
inferences drawn from the data are reliable. Variance data relating to 
the above analysis are presented in Table 11. To eliminate possible error 
resulting from positively skewed data the ANOVA was based on log trans­
formed data. As there were unequal numbers of observations per ANOVA 
cell, the order of inclusion/removal of methods and clusters (sum of 
squares) from the total sum of squares was alternated (Section 2.5.1).
The result was consistent using either strategy.
The highest densities of kangaroo faecal pellets were associated with 
areas recording high values for both grass and lateral cover (Figure 22).
High densities were also evident for areas with:
1. high grass cover and average lateral cover (Figure 23a); 
and
2. average grass cover and high lateral cover (Figure 23b).
Areas with below average pellet densities featured:
1. low grass cover and average lateral cover (Figure 24a);
2. average grass cover and low lateral cover (Figure 24b); and
3. very high grass cover and very low lateral cover (Figure 24c).
The least attractive habitat for grey kangaroos, as inferred from 
faecal pellet density, was provided by very sparse grass cover and 
average lateral cover (Figure 25).
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Source SS df MS F P
Method 0.1 2 0.05 0.18 NS
Cluster 73.24 6 12.21 44.73 <0.01
Interaction 1.18 12 0.098 0.36 NS
Unexplained 37.98 139 0.273
Cluster 73.23 6 12.21 44.73 <0.01
Method 0.11 , 2 0.055 0.2 NS
Interaction 1.18 12 0.098 0.36 NS
Unexplained 37.98 139 0.273
Table 11 Analysis of variance assessment of the 
similarity in faecal pellet density 
between clusters produced by the three 
clustering methods.
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High grass cover and high lateral cover.
Figure 22. Habitat supporting the highest faecal 
(Durikai State Forest)
pellet density.
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(a) High grass cover and average lateral cover.
(b) Average grass cover and high lateral cover.
Figure 23. Habitats supporting above average faecal pellet densities
(Durikai State Forest)
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(a)
Low grass cover 
and
average lateral cover
(b)
Average grass cover 
and
low lateral cover
(c)
High grass cover 
and
very low lateral cover
Figure 24. Habitats supporting below average faecal pellet density
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Very low grass cover and average lateral cover.
Figure 25. Habitat supporting the lowest faecal
(Durikai State Forest)
pellet density.
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2.6 Discussion
The habitat model which formed the base of this study is a simple 
one. Such an approach is justified when limited data are available on 
specific relationships between an animal and a meaningful range of 
habitat variables (Hirst, 1975). While the complexity of wildlife- 
habitat interaction is best analysed by multivariate predictive approaches, 
it is appropriate that such analyses progress from a general to a detailed 
breakdown. The results of this study help define this necessary back­
ground information. The emphasis of this thesis on data that can be 
applied to grey kangaroo management further justifies a general approach 
to habitat preference analysis. The grey kangaroo is a widespread species 
for which quantitative data with broadscale applicability are lacking.
All results confirm the view that grey kangaroos prefer a habitat 
with a balance between food reserves and lateral cover. Cluster analysis 
proved most effective in demonstrating the relationship. The methodology 
identifies a sequence of habitat types of varying attractiveness and 
demonstrates that a range of habitats can support a similar density of 
kangaroos. In doing so it underlines the shortcomings of regression 
analysis for this particular application. Simple linear trends cannot 
accommodate variation of this type.
There appears to be no significant correlation between values for 
the two key habitat variables (grass and lateral cover, r = 0.07). The 
cluster diagrams also show that there is no clearcut relationship between 
values for grass or lateral cover in isolation and faecal pellet density 
(Figures 18, 19 and 20). Intuitively, a negative relationship could be 
expected between grass and lateral cover as a dense tree/shrub growth 
would be likely to inhibit grass growth. Surprisingly for the Durikai 
State Forest this was not the case. Areas of highest kangaroo density 
supported serai vegetation. The removal of canopy species had favoured 
growth of shrubs and young trees (lateral cover) as well as grass. For 
climax forest, the close canopy is associated with a sparse growth of 
shrubs, young trees and grasses. Lateral cover indices remained average 
to high because of a relatively high density of canopy trees. The only 
major habitat where lateral and grass cover did display a strong negative 
correlation is largely cleared land. Country of this character is 
notably restricted within Durikai State Forest.
The plots at Durikai providing optimum habitat conditions are 
typically areas that have been logged and where the regeneration of woody
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plants is well advanced (e.g. Figure 22). High lateral cover and moderate 
grass cover are a feature of these serai communities. Least favourable 
habitat type for grey kangaroos are areas of climax forest, particularly 
those featuring pure stands. Here although lateral cover indices were 
usually average or higher, grass cover was sparse. This has apparently 
resulted in a limited usage by grey kangaroos. Dense thickets of the thin 
stemmed mallee-form shrub Eucalyptus bakeri are associated with a sparse 
grass growth and provided the least attractive habitat for grey kangaroos 
of the climax communities found in Durikai State Forest (Figure 25).
The latter observation at the microscale provides an interesting parallel 
to the aerial survey work of Caughley et al. (1977:106) who found that: 
"Mallee is a biological desert for macropods." Extensively cleared areas 
that provided maximum grass cover with little lateral cover also received 
below average usage (Figure 24c). This is not to suggest that cleared 
country is at all times unimportant to grey kangaroos, but simply that it 
is not preferred when ample forage is available in environments with 
substantial lateral cover. The environmental conditions at the time of 
the study influenced the results obtained. Rainfall totals were above 
average and although winter temperatures retarded grass growth, the winter 
was a mild one and pasture availability was near maximal for all habitats. 
The pattern of habitat selection by grey kangaroos, as revealed in this 
study, appears to correspond with a time of optimal environmental 
conditions as far as availability of grass is concerned.
At a more general level the results are reflected in Table 7 (refer 
Section 2.5.1) which shows the usage of habitat types on a broad scale. 
Here partly cleared forest carried significantly higher densities of 
kangaroos than either climax forest or cleared country (Figure 15). The 
variations in proportionate usage of each category for the three surveys 
can be explained in terms of seasonal factors and differences in forest 
physiognomy between Durikai and Eddington. Habitat use depends on 
climatic fluctuations. Areas of abundant forage with low lateral cover 
are used increasingly as dry conditions persist or intensify (refer 
Section 3). Canopy cover was more open at Durikai which made ground 
herbage more abundant. Durikai Forest more closely resembled the 
structure of partly cleared forest and therefore attracted more use by 
kangaroos than did the denser climax forest at Eddington.
These data emphasize the importance of serai vegetation to grey 
kangaroos. While this relationship has been noted previously, patterns of 
utilization have not been examined in detail (e.g. Rolls, 1969; Frith and
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Calaby, 1967; Frith, 1973; Fox, 1974; Kirkpatrick, 1974; Kaufmann, 1974; 
Taylor, 1980). All animals possess some measure of adaptability to 
habitat change (Leopold, 1966) and wildlife species may be classified 
according to their niche in the biotic succession (Dasmann, 1964:84).
Most research into ecological opportunists, that is animals that are 
capable of benefiting from habitat change, has taken place in North 
America. There is ample evidence that many ungulates from this continent, 
and notably moose, elk, white tailed and mule deer, and pronghorn antelope, 
prefer secondary stages of plant succession (e.g. Buechner, 1950; Cowan 
et al., 1950; Dasmann and Hines, 1959; Reynolds, 1964; Jul ander and
V
Jeffrey, 1964; Dasmann, 1964; Krefting and Hansen, 1969; Cox, 1969;
Odum, 1969; Klein, 1970; Owen, 1971; Boeker et ai., 1972; Wetzel et al., 
1975; Telfer, 1978). Similar patterns of habitat preference have also 
been established for a range of Asian ungulates (e.g. Eisenberg and 
Lockhart, 1972; Me Kay and Eisenberg, 1974; Eisenberg and Seidensticker, 
1976; Dinerstein, 1979, 1980). For animals ecologically adapted to serai 
communities, maintenance of such habitats is a prerequisite to high 
population levels (Dasmann, 1964). The preference of grey kangaroos for 
many habitats created by man is the key to the resilience of the species 
in the pastoral zone where it thrives despite commercial exploitation and 
pest eradication campaigns.
The data collected provide little evidence to suggest that grey 
kangaroos are selecting habitats on the basis of the floristic character 
of the woody vegetation. For example, while Eucalyptus bakeri proved to 
be the least favoured habitat, the cluster group to which it belonged 
also included a range of eucalypt (box and ironbark) communities. The 
two species (box and ironbark) in varying abundance are both represented 
in habitat groupings supporting high kangaroo density. Stands of another 
gum with a mallee growth form, e . viridis, which have a more open canopy 
structure and a substantial grass cover are also represented in a high 
kangaroo density, habitat cluster. Structure of the vegetation within the 
habitat rather than species composition would appear to be the dominant 
factor influencing kangaroo distribution (Figures 26, 27 and 28).
The activity of grey kangaroos alternates between feeding at night 
and resting during the day. As kangaroos rest in habitats that provide 
concealment, usage of high cover, low forage areas probably reflects 
resting zones that are not used at night. Reliance on lateral cover as 
an indicator of feeding distribution (e.g. Caughley, 1964a) is likely to 
overestimate the importance of such habitats. Daytime observations and
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(a) Low faecal pellet density
(b) High faecal pellet density
Figure 26. Influence of habitat structure, 
on faecal pellet density.
within ironbark communities, 
(Durikai State Forest)
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(a) Low faecal pellet density
(b) High faecal pellet density
Figure 27. Influence of habitat structure, within box communities, 
on faecal pellet density. (Durikai State Forest)
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(a) Low faecal pellet density
v>ÍV
(b) High faecal pellet density
Figure 28. Influence of habitat structure, within mallee communities, 
on faecal pellet density. (Durlkal State Forest)
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night-time spotlighting confirmed this view. High usage areas are used 
as bedding sites and feeding zones. Day observations along fixed 
transects established that the same bedding sites were used consistently; 
and some individual animals were relocated at the same bedding site over 
extended periods of time. Similarly regular bedding sites were located 
within low usage, high lateral cover areas adjacent to more favourable 
habitats. Spotlighting work established that animals rested in one 
habitat and fed in an adjacent one. For his study area in coastal 
southeast Queensland, Taylor (1980) found that most grey kangaroos rested 
in one habitat type and fed in others. Similar patterns of usage, 
determined by vegetation structure, have long been recognized for deer 
(e.g. Webb, 1948). While this pattern of habitat utilization was apparent 
at Durikai it was certainly not the dominant one. Grey kangaroos 
preferred to confine themselves to single habitats that satisfied the 
dual requirements of shelter and forage.
The results presented above on habitat preferences of the grey 
kangaroo contradict to varying degrees the findings of Caughley (1964a), 
Kaufmann (1974) and Taylor (1980).
The present study supports Caughley's (1964a) findings, from near 
Cunnamulla in southwestern Queensland, that canopy cover within a major 
vegetation type has little influence on kangaroo distribution. For 
Durikai Forest canopy cover varied little. At this scale of research, 
canopy cover did not give a useful guide to general habitat conditions. 
However, for the broadscale habitat types mapped on Eddington Station, 
there was a strong association between canopy cover and kangaroo distribu­
tion. Usefulness of canopy cover as a guide to grey kangaroo habitats 
depends on the scale of the study.
Although the study backs up Caughley's conclusions concerning the 
importance of lateral cover to grey kangaroos, it suggests that lateral 
cover must be considered in conjunction with food reserves. Lateral cover 
by itself was found to provide only a limited explanation of variations 
in kangaroo distribution. Caughley did not consider the role of forage 
reserves in his analysis of kangaroo/habitat relationships. When 
kangaroo habitats are considered in the broader context, almost all 
habitats at Durikai provided ample shelter. That animals responded to 
variations in lateral cover emphasizes the importance of this factor to 
the ecology of the grey kangaroo.
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On face value Kaufmann's  0974) findings are the reverse of Caughley's 
(1964a) and of those from this study. Kaufmann's results were obtained 
through direct, early morning and late afternoon observation of two mobs of 
kangaroos (refer also Kaufmann, 1975) in the Gorge Creek area of north­
eastern New South Wales. Kaufmann (1974:71) states, "Grey kangaroos were 
only seen in the cleared pastures on the ridgetop, or on Ringbark H ill; 
rarely i f  ever, did they stray into the forest fringe on either face of 
the ridge."
His observations suggest that grey kangaroos avoided high cover 
habitats. Seasonal factors are almost certainly responsible for a\large 
proportion of this distribution pattern and this point will be considered 
further in Section 3. Even discounting seasonal influences, the descrip­
tions and photography provided on the habitats utilized by the grey 
kangaroo at Gorge Creek indicate that Kaufmann's results are comparable 
with those reported for Durikai. The 'ridgetop' was a narrow zone of 
cleared country varying in width from approximately 200 to 1000 metres 
and surrounded in large part by closed-forest and open-forest. These 
surrounding habitats would offer lit t le  ground (grass) cover because of 
the close canopy. This would force animals to feed in the open. 'Ringbark 
H il l ' on the other hand exhibited quite dense lateral cover from dead 
trees and regrowth. Using the same criteria as at Durikai and Eddington, 
this would be classified as a favourable habitat. Unfortunately Kaufmann 
provides no data on the availability of forage within the various habitats 
identified. The grey kangaroos at Gorge Creek were not observed more than 
200m from the forest edge and presumably rested within forested zones 
during the day.
Overall, Kaufmann's results do not contradict those reported for the 
Durikai d istrict. Rather, they testify to the versatility of the grey 
kangaroo and demonstrate that within its range, it  may exhibit differing 
habitat utilization patterns depending upon the physiognomy of the 
vegetation in the habitats available. The grazing patterns do not 
necessarily reflect habitat preferences fully. Kaufmann's findings 
reflect this state of affairs.
Taylor's (1980) study on the distribution of grey kangaroo feeding 
activity was completed in a Forestry Department, Scientific Purposes 
Reserve near Beerwah on the coastal lowlands of southeastern Queensland.
His results, based on direct observation (day and night) and faecal pellet 
counts support to some extent the findings of Caughley (1964a), Kaufmann
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Cl974) and the Durikai study.
Taylor 0980:320} found that grey kangaroos utilized firebreak 
habitats to a greater extent than others. He reported a positive correla­
tion between the abundance of kangaroo grass (Themeda australis) and the 
use of habitats other than firebreaks and a negative correlation between 
kangaroo density and the height and density of undergrowth in these 
habitats. The study emphasizes the importance of forage in determining 
grey kangaroo distribution. In this respect it mirrors the Durikai 
results where grass cover was also the single variable most highly 
correlated with kangaroo density. His conclusions regarding the role of 
lateral cover are, however, quite different from those of the Durikai 
study. Taylor's data relating to lateral cover appear to be susceptible 
to an alternative explanation.
He notes (Taylor, 1980:324) that, "On the basis of faecal pellet 
densities, grassy forest and layered forest were judged to be preferred 
to firebreak as feeding habitat for the grey kangaroo." This he relates 
to the preference of grey kangaroos for habitats with dense lateral cover 
(after Caughley, 1964a). On the other hand, he states that grey kangaroos 
did little feeding in habitats with dense undergrowth (shrubby forest SI 
and S3, and low open woodland Wl) and related this to the feeding gait of 
grey kangaroos (after Frith and Calaby, 1969). Although the lateral cover 
index used by Taylor is not directly comparable to the one used at 
Durikai, the height of the undergrowth layer for his S3 (60-70 cm) and 
Wl (40-60 cm) habitats is too low to offer concealment to an animal as 
large as the grey kangaroo. It is below the 'vegetation at kangaroo 
height' level used by Caughley (1964a:244) and in the Durikai study 
(approximately 1.15m). The avoidance of the S3 and Wl habitats was 
probably due in part at least to a lack of cover and not to actual density 
of undergrowth.
The avoidance of the SI habitat is more difficult to rationalize.
Its structure in terms of lateral cover was similar to some of the 
preferred habitats at Durikai and in particular to sections of the 
preferred, partly cleared habitats at Eddington where undergrowth was so 
dense that 'kangaroo trails' had to be used to traverse many areas (refer 
Figure 15b). The variation (and for S3 and Wl) may be due to the fact 
that for these habitats, Taylor did not measure the availability of forage 
(t . australis). They were not included in his statistical analysis of the 
relationship between kangaroo density and the availability of forage which 
forms the basis of his conclusions. As he notes (Taylor, 1980:320) only
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"the occasional presence of grass" in these dense undergrowth habitats, 
his data could be interpreted in another way, namely, that grey kangaroos 
avoided them because of the lack of forage and not because of the 
structure and density of the undergrowth.
With the exception of firebreaks, the Beerwah habitats studied by 
Taylor Cl980) featured natural vegetation with the impact of man restricted 
to controlled burns. Natural habitats were not preferred by grey kangaroos 
at Durikai. This applied as well to areas that had been influenced by 
fire. Because canopy damage is small and short term in nature, fire does 
not increase availability of forage for grey kangaroos in the Durikai 
Forest. Kirkpatrick 0964a) has also noted that grey kangaroos are not 
attracted to burnt off areas. Fox Cl974) on the other hand suggests that 
prior to European settlement in Australia, high grey kangaroo densities 
were maintained around areas that were frequently burned. In view of 
these contradictions, the role of fire in creating or enhancing a habitat 
for grey kangaroos needs closer scrutiny.
As with Kaufmann (1974), Taylor's study was completed during a very 
dry period. The likely influence of this on results obtained is discussed 
in the following section. Given this climatic variable and the natural 
habitats monitored, the heavy usage of firebreaks surrounding the Beerwah 
Reserve is to be expected. Rather than being in conflict with the Durikai 
results, Taylor's findings are very similar and would appear to emphasize 
the importance of considering the dual roles of cover and forage in the 
assessment of any grey kangaroo habitat.
That grey kangaroo distribution is largely controlled by availability 
of forage and shelter is well established. The literature, however, has 
tended to consider these two attributes of habitat separately. It is 
recognized on the one hand that the species is always associated with 
wooded zones and rarely ventures far from shelter, and on the other that 
it often relies heavily on forage zones adjacent to those providing 
substantial cover. This reliance on open or lightly wooded areas is 
often related in general terms to climatic cycles and to some extent the 
spatial arrangement of habitats. The research reported here, along with 
that of Taylor 0980), represents the only attempt to appraise the dual 
role of shelter and forage in determining grey kangaroo density patterns 
and defining habitat preferences.
The data presented confirm previous research that testifies to the 
ecological adaptability of the grey kangaroo. Grey kangaroos are capable
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of adapting to and benefiting from habitat changes induced by man. From 
the management point of view this is most important as wildlife species 
that adhere to such a pattern offer the least problems to conservation 
(.Dasmann, 1964). Results provide a guide to appraising the impact of 
particular land management strategies or current habitat status on grey 
kangaroo populations. This fulfils the purpose of meaningful habitat 
analysis for wildlife management (e.g. Thilenius, 1972; Whitaker and 
Me Cuen, 1976). The attractiveness of serai communities with high lateral 
cover and abundant forage is stressed. The significance of this lies not 
only in the carrying capacity of such environments but also in the 
protection from shooters that they offer. The low usage of heavily cleared 
habitats at Durikai (for the particular time period monitored) illustrates 
this point. Grey kangaroos prefer to confine themselves to habitats 
affording concealment as long as these areas provide ample forage. The 
results explain the varying usage patterns described in the literature 
and form a basis for analysing the role of habitat balance and weather 
patterns in modifying habitat usage. The purpose of the next section of 
the thesis is to examine this relationship.
SECTION 3
SEASONAL MOVEMENT PATTERNS OF THE GREY KANGAROO
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3.1 Introduction
Literature relating to habitat preferences of the grey kangaroo is 
limited (Caughley, 1964a; Frith and Calaby, 1969; Frith, 1973; Fox, 1974; 
Russell, 1974; Kaufmann, 1974; Poole, 1975; Taylor, 1980). These studies 
identify a preference for wooded areas although this ecological requirement 
must be balanced against the availability of suitable forage (refer 
Section 2). In common with most water dependent species (Western, 1975) 
the grey kangaroo is primarily a grazer and relies heavily on grasses 
(Kirkpatrick, 1965; Griffiths and Barker, 1966; Griffiths et al., 1974).
As herbage yields are inversely proportional to tree density (e.g.
Williams, 1968; Behrend and Patrie, 1969; Halls, 1970, 1973; Beale, 1973; 
Eisenberg and Seidensticker, 1976; Ajayi et ai., 1981), the flori Stic 
composition of the preferred wooded zones classes them as largely unsuited 
to food production. Forage reserves in these habitats are only adequate 
and attractive for relatively short periods following rain. With drying 
conditions, grey kangaroos move into more open country to feed (e.g.
Calaby, 1966; Fox, 1974).
The development of ecological principles established that variability 
of habitat usage patterns is the norm for any animal (e.g. Elton, 1927; 
Leopold, 1933; Cole, 1946). The general relationship between rainfall and 
grey kangaroo habitat usage has long been recognized. However, as is the 
case in many circumstances where rainfall is the ultimate variable 
controlling the use of space by an animal (Low, 1979), little attempt has 
been made to quantify such movement patterns.
Specific studies of habitat preferences of the grey kangaroo also 
make little attempt to relate findings to seasonal cycles. Results from 
the work of Kaufmann (1974) and Taylor (1980), in coastal environments, 
apply to time periods over which rainfall totals were only half the long 
term average. Their studies emphasize the importance of forage reserves 
to kangaroo distribution. Caughley (1964a) on the other hand explains 
kangaroo density and dispersion in terms of concealment offered by 
vegetation. Caughley's research, in southwestern Queensland was based on 
time periods exhibiting more favourable rainfall distribution. For a 
more thorough appraisal of kangaroo/habitat relationships, the role of 
weather fluctuations and seasonal cycles needs to be considered. The 
basis of wildlife management is a knowledge of habitat use and how this 
varies over time (Severson and Carter, 1978:466).
In what follows, the results of a two year study of the seasonal 
movement patterns of the grey kangaroo are presented. Research was conducted
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on Eddington Station near Warwick in southeastern Queensland and on 
Barrington Station near Boll on in southwestern Queensland (Figure 1).
Grey kangaroos are abundant in both areas with the Bol Ion region supporting 
the highest grey kangaroo densities in Queensland (refer Section 5; 
Caughley, pers. comm.). The study sites were located near the eastern and 
western extremities respectively, of the grey kangaroo's continuous range 
in southern Queensland (Figure 1).
3.2 Study Sites
The more easterly study area was Eddington Station, a grazing property 
approximately 35km west of Warwick (refer Section 2.2; Figure 6). A 
section of the property backing on to state forestry reserve was selected 
as the study site. The area featured well defined boundaries between 
cleared country and wooded country (Figure 29).
The western study site was Barrington Station, 70km west of Bollon 
(Figure 31). Here both the physiognomy and the floristic composition of 
the vegetation differed markedly from the Eddington area. While abrupt 
transitions between habitat types could be identified (Figure 30), the 
tree and shrub density of wooded areas was much lower. A mosaic of transi­
tional types rather than large, distinctive habitat blocks was the rule. 
Poplar box (Eucalyptus popuinea) and mulga (Acacia aneura) formed the major 
canopy species with the mulga forming dense, pure stands in places. Low 
shrubs Of butterbush (Cassia memophila) and buddah (Eremophila mitchelli) 
were common in recently cleared areas and in eucalypt dominant, wooded 
zones. Ground cover was variable depending on the recency of clearing and 
grazing pressure. Wire grasses (Aristida spp.), silver spike grass 
(Digitaria brownii) and WOOllybutt (Eragrostis eriopoda) formed the bulk of 
pastures. Average annual rainfall is around 410mm. The mean daily summer 
maximum temperature (January) is 35°C; the mean daily winter minimum (July) 
is 4°C.
3.3 Methods
3.3.1 Kangaroo movement patterns
Change in kangaroo usage of specific habitats over time was monitored 
by faecal pellet counts. The rationale for the approach used is discussed 
in Section 1.
At Eddington, pellet density was estimated at eight weekly intervals 
for a 125 ha block of cleared country adjacent to forest. Sampling was by
Figure 29. Boundary between wooded and cleared country at Eddington.
Figure 30 Boundary between wooded and cleared country, site 1 
at Barrington.
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Figure 31. Barrington Station stud/ site in the Bol Ion area
101
random transects each 500m long and comprising 25 circular plots (10m2) 
with centres regularly spaced 20m apart (Figure 32). Transects 500m in 
length were selected as existing literature suggested that grey kangaroos 
rarely venture more than 200m from wooded zones (e.g. Frith and Calaby, 
1969; Kaufmann, 1974, 1975). Preliminary observations of grey kangaroos 
and the distribution of their faeces indicated that in the Eddington area 
this limit (200m) was certainly exceeded. Usage of areas more than 500m 
from shelter, however, was very low. Transects were run at right angles 
to the boundary between forest and adjoining cleared land to sample across 
the expected, major axis of pellet density variation. Each transect was 
divided into 100m segments (strata) and pellet totals for each stratum 
along the transects summed to return five sample values per transect. The 
use of clusters of plots achieves reasonable success rates of pellets per 
sample unit and combines the higher counting accuracy of small plots with 
the sampling efficiency of larger plots (Smith, 1964; Neff, 1968a). The 
subdivision of transects also achieved a large sample size in relation to 
fieldwork effort. As pellet density was expected to decrease with 
increasing distance from forest cover, the sample design provided scope 
for stratifying the study area if this expectation was proved correct 
(Figure 32).
Fourteen surveys were conducted between November, 1977 and December, 
1979. The initial survey indicated that 12 transects would return 
population estimates (pellets) with standard errors less than 10 per cent. 
Robinette et ai. (1958:419) suggest (for pellet surveys of deer) that it 
is doubtful whether anything is to be gained in trying to improve on a 
sampling error of 10 per cent. As the programme progressed, sample size 
was adjusted to 20 transects because successive surveys indicated that 
variability in the faecal pellet distributions was higher than suggested 
by the first survey. On each survey, pellet age (count < 8 weeks) was 
determined through reference to a control group of 50-150 fresh pellets 
set out on permanent plots at the time of the previous survey. Monitoring 
the control groups also allowed survey results to be adjusted for pellet 
losses over the presurvey period (refer Section 1.5.2).
The procedures followed at Eddington proved unsatisfactory for the 
western study site (Barrington). Losses from control groups of pellets 
were very high because of termite attack. Termites in the area use dung 
as a major food source (Watson et al., 1973). Obtaining reliable estimates 
of changes in pellet densities over time was not possible. As with 
Eddington, pellets up to an age of approximately eight weeks formed the
102
500 m
100 m
O O O 0|0 o o o o o o o o o»o o o o o o o o o o l  TRANSECT
(25 plots, '001 ha)
0 PLOTS GROUPED  (5 plots, '005 ha)
PROPOSED STRATA (5 strips 100 m wide)
Figure 32. Survey design for faecal pellet counts at Eddington.
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most reliable base for sampling. Initial fieldwork indicated that losses 
to termites did not vary according to habitat type. The programme adopted 
involved estimating pellet density for cleared and wooded country using an 
arbitrarily selected pellet group as the control for determining the age 
of pellets encountered. Control groups were used as a guide to this 
selection and in each survey the faecal pellet population was sampled for 
pellets approximately eight weeks or less in age. A comparative usage 
ratio for the two habitat types was therefore possible for each survey.
To approximate as closely as possible the habitat pattern sampled at the 
eastern study area, three distinctive cleared zones ranging in area from 
6km2 to 1 km2 were selected. These bordered densely wooded habitats, two 
of mulga and one of poplar box/mulga. At each site, ten randomly located 
transects, each of 500m were run at right angles to the forest/cleared 
land boundary. Along each transect observations were made in 40 circular 
plots CIOm2) spaced regularly at 12.5m intervals. As at Eddington, 
transects were divided into five 100m sections (each with a cluster of 
eight, 10m2 plots). Six surveys were completed between August, 1978 and 
November, 1979 at intervals of 8 to 14 weeks. For each of the three study 
areas at Barrington, log ratios were computed of comparative usage for 
cleared and wooded land. An overall ratio for each survey date was 
obtained using a weighted estimate of the log ratios from each site 
(Table 12).
3.3.2 Seasonal conditions
The aim of the study was to test whether any significant relationship 
existed between kangaroo distribution and the availability of suitable 
forage. Forage as a variable was studied using a combination of qualita­
tive and quantitative measures. According to Ferrar and Walker (1974:139) 
an approach such as this provides the best understanding of ecosystem 
dynamics. Pasture status for both cleared and wooded habitats was 
assessed for both study sites, at each survey date, using the descriptive 
scheme suggested by Western (1976:6). Pastures were rated on a nine-point 
scale describing phenological growth stage and proportion of leaves that 
were dry (Figure 33). As well as this assessment of pasture status and 
growth stage, rainfall, soil moisture storage and pasture growth models 
were examined as possible indicators of forage availability.
Soil moisture was used as in many situations, this factor provides a 
better estimate of the availability of water to plant and animal life than 
does rainfall (e.g. Western, 1975; Bourliere and Hadley, 1970). Soil
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(a) Compute the log ratio of scrub to cleared for each of the 
three sites
Ÿ, = log (ys)
var (Yj) = var ys)
log (ÿQ)
1 + var (ÿc)
2.3 (ÿc)2
1
2.3
where
Y-| = log ratio for site 1
var (Y-|)= variance of Y-j
ÿ = mean pellet density per plot for scrub
yc = mean pel let density per plot for cleared
(b) Combine the log ratios from the three sites using a 
weighted estimate
Y *  V t +  W2 Ÿ 2  +  W 3 Ÿ 3
Wi + W2 +
- 1
var (Y) = --------------
U1 + w2 + w3
where
A
Y = weighted estimate of combined log ratios
var (Y-j )
(ci Best estimate of the combined ratio:
A
anti log (Y)
(d) Best estimate of the standard error of the ratio:
A
(Best estimate) (2.3 var (Ÿ))
Table 12 Procedure for estimating comparative usage of wooded 
and cleared land for each survey date at Barrington 
Station.
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1 ) New shoots,
2) Shoots grown, pre-flower
3) Flowering, unripe
4) Flowering, ripe
5) Flower dead /  leaves green
6) Leaves 0 -2 5  percent dry
7) Leaves 25 -  50 percent dry
8) Leaves 50-75 percent dry
9) Leaves 7 5 - 100 percent dry
Figure 33. A  simple scale for rating grass growth stage.
(from: Western, 1976:6)
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moisture storage was estimated using a water balance optimization routine 
developed by Specht (1972, 1981) and modified to suit the requirements of 
the study. Relevant soils data were available from Swann (1973) for 
Eddington, and Queensland Department of Primary Industries files for 
Barrington (Mills and Ahern, in press). As Rosenthal et ai. (1976) have 
pointed out, use of long term means for evaporation does not greatly 
reduce precision in water balance modelling. Accordingly, mean weekly 
values for evaporation were derived from the tables of Kieg and Me Alpine 
(1969). Daily rainfall records were maintained at Barrington. For 
Eddington, data from the nearest Bureau of Meteorology rainfall station at 
Karara, 15 km to the northwest were used.
The pasture growth indices combined the soil moisture index described 
above with the temperature and light indices of Fitzpatrick and Nix (1970) 
and a temperature index derived from the growth response curves of a Cg 
native grassland (Christie, 1978 and pers. comm.). This involved a 
thermal index of 1.0 for a 26 week summer season, 0.3 for a four week 
autumn and spring and 0.1 for an 18 week winter. The two pasture models 
selected appeared flexible enough to be applied to biogeographical regions 
and the pasture communities under study. The nearest Bureau of Meteorology 
climatic stations to Eddington and Barrington were Warwick and Bol Ion. 
Average weekly temperatures for the study period were approximated by data 
from these two locations.
Rainfall, soil moisture index and the pasture growth indices were used 
in a programme based on weekly values for each. Cumulative weekly totals 
were tabulated for the period 8 to 20 weeks preceding kangaroo survey dates 
as it was assumed that climatic conditions prior to the actual accumulation 
period for faecal pellets would influence forage status over this period. 
Regression analysis was used to define relationships between kangaroo 
distribution and each of the pasture indicators.
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3.4 Results
3.4.1 Kangaroo distribution
For each of the Eddington surveys, the relationship between pellet 
density and distance from cover (100m sections) was examined using one­
way analysis of variance. The data were log transformed for this purpose.
In every case there was a significant difference (P < 0.004) between pellet 
density within the five proposed strata (Table 13). This justified 
dividing the survey area into five strata for computation of results 
(Figure 32). The within mean squares from the analysis of variance tables 
were used to estimate standard error terms. v
The population estimate for each survey was derived from the total 
sample mean and not a weighted estimate from individual strata. There 
would have been a case for more refined curve fitting and integration if 
absolute estimates of pellets were required rather than indices of relative 
abundance. After noting that the profile of decreasing pellet density away 
from cover was roughly the same for all surveys (no significant differences, 
Kolmogorov-Smirnov two tailed test) it was assumed that simple addition over 
strata would have no great effect on comparisons between surveys. All 
population estimates were adjusted for pellet losses over the presurvey 
period (Section 1.5.2).
Results are summarized in Table 14. An f test based on sample totals 
and between survey and within survey mean squares (log transformed data) 
indicated that pellet densities differed significantly between the 14 
surveys (P < 0.0005). For consecutive surveys, t tests demonstrated that 
there were significant differences in pellet density (P < .05) for 10 of 
the 13 pairs (Table 15). As sample sizes were large (- 100), it was 
assumed that reliance on the properties of the central limits theorm 
would not bias the t tests. The procedure was repeated, however, using 
the log transformed data. A similar result was obtained.
For the Barrington data a similar sequence of analysis was used to 
that for Eddington. One way analysis of variance indicated that stratifica­
tion was justified for cleared habitats where there were significant 
differences (P < 0.05) in pellet density between proposed strata (100m 
sections of transects) in 16 of the 18 subsets (Table 16). As with the 
easterly study site, pellet density fell off in a regular manner with 
increasing distance from cover (no significant differences, Kolmogorov- 
Smirnov two tailed test).
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Mean pellet density per stratum 
pellets per 50m2 cluster plot
[loge (n +1 )]
Survey 1 2 3 4 5 df F P
November
1977
3.864 3.576 2.652 2.552 2.696 4x59 13.48 <0.0001
February
1978
3.352 2.511 1.978 2.138 1.887 4x59 5.338 0.001
April
1978
2.408 1.753 1.318 1.285 0.894 4x 79 5.954
15.42
<0.001
June
1978
4.073 3.108 2.968 2.916 2.3 4x  79 <0.0001
July
1978
3.475 2.888 2.463 2.073 2.134 4x99 6.011 <0.001
September
1978
4.111 3.734 3.38 3.416 3.012 4x99 8.768 <0.0001
November
1978
3.39 2.631 2.703 2.276 2.225 4x99 6.676 0.0001
January
1979
3.625 2.953 2.338 2.46 2.068 4x99 11.15 <0.0001
March
1979
3.785 3.497 3.004 2.992 2.63 4x99 4.14 0.004
May
1979
4.542 4.133 4.075 3.886 3.119 4x99 10.75 <0.0001
July
1979
4.588 4.024 3.539 3.683 3.304 4x99 4.175 0.004
August
1979
4.742 4.316 4.104 4.01 3.837 4x99 15.31 <0.0001
October
1979
4.366 3.892 3.49 3.521 2.779 4x99 18.41 <0.0001
December
1979
2.963 1.839 1.731 1.56 1.775 4x99 5.49 0.0005
Table 13 Assessment of the relationsh ip  between faecal 
pellet density and distance from cover (five  
strata) at Eddington.
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Survey n Y Y 1.96 SE(Y)
(percentage)
1 60 665 000 690 270 10.8
2 60 372 500 403 045 18.7
3 80 162 500 169 162 20.4
4 80 716 250 753 495 12.5
5 100 524 000 566 968 14.7
6 100 1 044 500 1 044 500 10.9
7 100 477 500 462 268 11.9
8 100 501 500 524 068 12.1
9 100 882 750 937 481 14.6
10 o o 1 669 750 1 724 852 11.4
11 100 1 773 750 1 773 750 13.7
12 100 1 861 500 1 861 500 7.4
13 100 1 165 000 1 165 000 10.2
14 100 290 000 313 780 20.6
Table 14 Estimated pellet populations for the 
Eddington study i^te (n = sample size 
of 50m2 plots; Y = population estimate;
A
Yc = population estimate corrected for 
pellet losses over the presurvey period;
A
1.96 SE(Y) = 95 per cent confidence limits 
of Y).
no.
EDDINGTON
BARRINGTON
Surveys df t
1 and 2 118 5.75*
2 and 3 138 5.34*
3 and 4 178 11.33*
4 and 5 198 3.18*
5 and 6 198 7.41*
6 and 7 198 9.3 *
7 and 8 198 1.31
8 and 9 198 5.24*
9 and 10 198 6.72*
10 and 11 198 0.66
11 and 12 198 0.61
12 and 13 198 7.47*
13 and 14 198 12.87*
Surveys df t
1 and 2 240 4.78*
2 and 3 195 6.72*
3 and 4 300 4.87*
4 and 5 300 6.99*
5 and 6 300 1.32
Table 15 Variation in faecal pellet distribution 
for consecutive surveys (*=significant 
difference ^ 5 per cent level).
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Mean pellet density per stratum 
pellets per 80m2 cluster plot
[logg (n + 1 )]
Survey StudySite 1 2 3 4 5 df F P
September
1978
1 4.27 4.215 3.841 3.729 3.356 4x 39 2.83 0.04
2 4.165 3.954 3.794 3.749 3.549 4x29 1.385 0.27
3 4.217 3.57 3.831 2.867 1.294 4x69 21.75 <0.0001
December
1978
1 3.046 3.486 2.053 2.563 2.474 4x49 6.679 0.0003
2 3.794 3.204 3.227 2.975 3.283 4x49 5.067 0.002
3 3.417 2.733 2.416 1.734 1.484 4x44 4.574 0.004
February
1979
1 4.354 4.097 3.296 3.332 3.087 4x49 20.26 <0.0001
2 4.73 3.879 3.469 3.242 3.828 4x49 8.23 <0.0001
3 3.945 3.849 3.395 3.605 2.583 4x49 5.161 0.002
April
1979
1 4.066 3.986 3.156 3.137 2.87 4x49 21.21 <0.0001
2 5.024 4.55 4.285 4.258 3.987 4x49 15.4 <0.0001
3 4.061 4.202 3.7 4.034 4.11 4x49 1.367 0.26
July
1979
1 5.253 5.696 5.154 4.73 4.52 4x49 17.36 <0.0001
2 5.751 5.486 5.456 5.053 5.584 4x49 12.72 <0.0001
3 5.279 5.086 5.108 4.873 4.623 4x49 4.883 0.002
November
1979
1 4.943 5.224 4.464 4.247 4.503 4x49 9.118 0.0001
2 5.603 4.758 4.748 4.929 4.389 4x49 8.04 0.0001
3 5.263 4.993 4.84 5.18 4.894 4x49 2.881 0.03
Table 16 Assessment of the relationship between 
faecal pellet density for cleared land 
and distance from cover (five strata) 
at Barrington.
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With wooded zones significant differences in pellet density between 
the proposed strata occurred in only nine of the 18 subsets (Table 17), 
and there was no regular pattern of change in pellet density with distance 
from the forest/cleared country interface. For this habitat type then, 
stratification could not be justified and the total mean squares from the 
analysis of variance tables were used to compute standard error terms.
Comparative usage ratios for the Barrington surveys are summarized in 
Table 18. As a general test of differences between results for the six 
surveys, the following formula was used:
V.
T = [ (R-j2 + ... +R62 ) - (R] +R2 ... +R6)2]/(var(R1) + var (R2) . ..+var(Rg))
n ' n
where R-j = 
var (R-j) = 
n
T =
usage ratio for survey 1 
variance of R^  
number of surveys 
with df, n - 1
The results showed a significant difference between the surveys 
(P < .005). For consecutive surveys, t tests demonstrated that there were 
significant differences in usage ratios (P ^ 0.05) for four of the five 
pairs (Table 15).
3.4.2 Kangaroo distribution and pasture status
Figures 34 and 35 plot the pellet density data in conjunction with 
associated climatic, soil moisture index and pasture growth index, and 
pasture status records. The pasture growth index shown has been derived 
using Christie 's (1978) temperature index.
Regression analysis of the faecal pellet data (dependent variable) and 
each of the pasture indicators (independent variables) identified similar 
patterns of interaction for both study areas (Table 19). Results indicated 
a negative correlation between kangaroo usage of cleared country and 
pasture status. As values for pasture status indicators declined, usage 
of cleared country increased.
For Eddington correlation coefficients peaked at approximately the 
11 week cumulative total with correlation coefficients falling away in a
113
Mean pellet density per stratum 
pellets per 80m2 cluster plot
[loge (n = 1)]
Survey StudySite 1 2 3 4 5 df F P
September
1978
1 4.181 4.595 4.397 4.376 4.336 4x39 1.183 0.34
2 4.457 4.063 4.364 4.368 4.22 4x 29 0.624 0.65
3 4.216 4.149 4.37 4.228 4.148 4x 29 0.124 0.97
December
1978
1 2.481 3.872 3.433 4.008 3.878 4x49 1.872 0.13
2 3.613 4.43 4.603 4.4 4.49 4x 49 1.033 0.4
3 3.333 4.493 4.088 4.385 4.296 4x49 0.424 0.79
February
1979
1 3.828 3.581 3.684 3.776 3.881 4x49 0.567 0.67
2 3.52 4.135 4.029 3.831 3.522 4x49 3.006 0.03
3 3.873 4.197 4.146 3.929 4.204 4x 49 0.685 0.61
Apri 1 
1979
1 2.666 3.439 3.25 3.335 2.896 4x49 2.813 0.001
2 2.932 2.999 4.197 3.728 2.755 4x49 5.878 0.0007
3 2.523 3.167 3.426 3.102 3.009 4x49 1.291 0.29
July
1979
1 2.679 3.703 3.177 3.098 3.26 4x49 2.663 0.04
2 3.851 3.598 4.031 3.921 2.419 4x49 10.49 0.0001
3 3.201 3.519 3.488 2.407 3.488 4x49 5.02 0.002
November
1979
1 3.222 3.314 3.792 3.195 3.326 4x49 2.873 0.03
2 3.507 3.341 3.808 3.683 8.094 4x49 3.222 0.02
3 2.861 3.523 2.997 2.213 3.152 4x49 4.547 0.004
Table 17 Assessment of the relationship  between faecal
pellet density for wooded land and distance from 
the interface between wooded and cleared land 
(five  strata) at Barrington.
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Survey n
A
R 1.96 SE(R) (percentage)
1 240 1.6 12.9
2 295 3.07 11.1
3 300 1.09 11 .3
4 300 0.55 11.7
5 300 0.17 12.5
6 300 0.2 10.7
Table 18 Estimated pellet density ratios 
for Barrington study site 
(n = sample size of 80m2 plots;
A
R = estimated ratio of wooded : 
cleared; 1.96 SE(R)=95 per cent 
confidence limits of R).
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Figure 34. Seasonal trends in faecal pellet density and environment at Eddington
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Week Rainfall Soil Moisture Pasture Growth Pasture Growth Index
N°- Index Index (Fitzpatrick and Nix)
(Christie)
EDDINGTON
8 -0.61 -0.34
oO1 -0.57
9 -0.60 -0.34 -0.61 -0.59
10 -0.66 -0.35 -0.65 -0.61
11 -0.74 -0.37 -0.68 -0.63
12 -0.70 -0.34 -0.68 -0.62
13 -0.73 -0.33 -0.66 -0.58
14 -0.74 -0.31 -0.65 -0.55
15 -0.71 -0.27 -Q.61 -0.50
16 -0.61 -0.22 -0.55 -0.42
17 -0.61 -0.21 -0.55 -0.41
18 -0.58 -0.21 -0.47 -0.40
19 -0.64 -0.23 -0.50 -0.41
20 -0.61 -0.23 -0.48 -0.38
BARRINGTON
8 .77 .29 .78 .70
9 .77 .28 .82 .71
IQ .83 .28 .84 .73
11 .88 .31 .86 .76
12 .90 .33 .88 .77
13 .81 .42 .89 .79
14 .94 .53 .91 .81
15 .95 .54 .91 .81
16 .91 .55 .90 .81
17 .91 .59 .84 .76
18 .94 .61 .81 .67
19 .93 .64 .79 .63
20 .94 .68 .77 .61
Table 19 Correlations between the faecal pellet 
and 8 to 20 week cumulative totals for
data
each
pasture status indicator.
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regular manner to each side of this point. For Barrington this pattern 
was not as symmetrical. With the exception of soil moisture, however, 
there was a general trend for correlation coefficients to peak around 
the 15 week cumulative total. In both areas rainfall provided the best 
correlation with kangaroo distribution explaining 55 per cent of the 
variation at Eddington and 91 per cent of the variation at Barrington.
The pasture growth indices also produced significant correlations with 
the Christie index proving superior in each case. Correlations between 
kangaroo distribution and the soil moisture index were not significant 
(Table 20).
As suggested by Table 19 and as could be expected from the reliance 
of the soil moisture and pasture growth indices on rainfall, there was a 
close relationship between the four independent variables. Because of 
this, multiple regression using two or more of the independent variables 
did not provide any worthwhile gains in prediction for either study area. 
The correlations defined between kangaroo distribution and the environmental 
indicators (Table 20) provide a general explanation of the interaction 
between grey kangaroos and seasonal factors. The data, however, are too 
limited and general in nature to support detailed modelling of the 
relationships involved.
3.5 Discussion
For both study sites, indices of kangaroo distribution within 
acceptable precision limits (Tables 14 and 18) were obtained which 
demonstrate clearly that the habitat usage patterns of grey kangaroos 
are not constant. Kangaroo distribution differs significantly over 
relatively short time spans (Table 15). As defined by Figures 34 and 35 
the changes in kangaroo distribution appear to follow a cyclic pattern.
This, along with the relationships exhibited between kangaroo distribution 
and the environmental variables quantified (Tables 19 and 20) suggests 
that the variations are not due to random chance but reflect seasonal 
changes in the environment.
The value of the statistical relationships defined in this study is 
conditioned by the methods used. As it is not uncommon for defecation 
rates of herbivores to change with season (e.g. Longhurst, 1954; Rogers 
et al., 1958; Smith, 1964; Neff, 1968a), reliance on pellet data for a 
single habitat at Eddington could give misleading results on seasonal 
distribution. However, serious error is unlikely because of the forage 
utilized and the observed dryness of faecal pellets regardless of season.
119
(a) r r2 F df P
EDDINGTON
Rainfall -0.74 .55 14.49 1 and 12 .002
Soil Moisture Index -0.37 .14 1.89 1 and 12 .19
Pasture Growth Index 
(Christie)
-0.68 .46 10.25 1 and 12 .006
Pasture Growth Index 
(Fitzpatrick & Nix)
-0.63 .40 7.87 1 and 12 .01
(b)
BARRINGTON
Rainfall .95 .91 38.76 1 and 4 .001
Soil Moisture Index .54 .29 1.63 1 and 4 .25
Pasture Growth Index 
(Christie)
.91 .82 18.55 1 and 4 .005
Pasture Growth Index .81 .66 7.69 1 and 4 .03
(Fitzpatrick & Nix)
Table 20 Relationship between faecal pellet data and 
pasture status indicators
(a) Eddington (11 week cumulative totals)
(b) Barrington (15 week cumulative totals).
120
Irregularities in defecation rate of deer are normally associated with a 
change from a browze dominated diet in winter to a herbaceous diet in 
spring (Collins and Urness, 1981). There is no such change in the diet of 
grey kangaroos and their faeces are characteristically dry (Morrison, 1981). 
Changes in the ratio of usage of cleared land and partly cleared forest 
were also determined and compared with the usage of cleared areas at 
Eddington. Six surveys were completed, sampling a range of seasonal 
conditions. A correlation of 0.83 (F=7.41, df 1 &4, P < 0.03) was 
obtained between the two indices of distribution. The close relationship 
between the ratio, which would not be influenced by changing defecation 
rate and the values for cleared country provides further assurance that 
results were not seriously biased by varying defecation rates.
There was also no evidence to suggest that defecation rates of 
kangaroos feeding in cleared country varied with distance from shelter. 
Observation of feeding kangaroos during daylight hours and at night (refer 
Section 2.3) indicated that distribution of faeces and distribution of 
kangaroos were similar.
While cumulative faecal pellet totals give a reliable guide to 
kangaroo distribution for set time periods, the validity of correlations 
between such totals and cumulative totals for rainfall, soil moisture 
storage and pasture growth indices is not as straightforward. Western 
(1975:273) in a discussion on the impact of rain on the distribution of 
African ungulates indicated that aerial survey observations showed that 
relatively small quantities of rain falling shortly before a count lead 
to a rapid, large scale emigration but that immigration rates after the 
cessation of rain are slow. The cumulative totals for environmental 
variables are biased as each week's value is given an equal weighting in 
the cumulative totals. The fact that heavy rainfall in the week 
immediately prior to a survey date for faecal pellet density will have 
far less impact on pastures and hence kangaroo distribution than similar 
rainfall six weeks prior to a survey, illustrates the point. However, 
there appears to be no reliable method available for overcoming such a 
problem. Therefore, although results are discussed in terms of their 
comparative usefulness and apparent explanatory value, they must be viewed 
as guides only to the actual relationships involved in the ecosystems 
described.
Monitoring animal distrubution and pasture status simultaneously at 
specific points in time would be the ideal approach to the problem. However,
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as discussed previously (Section 1), accurate counts of grey kangaroos 
are notoriously difficult to obtain. Aerial survey could supply data on 
kangaroo numbers on a regional basis but this technique is itself 
'notoriously unreliable' (Caughley et al., 1977:99). Expansion of the 
study area to a scale compatible with aerial counts of kangaroos would 
introduce substantial variation in habitat types and pasture status. Only 
very general conclusions could be drawn from such a study (Section 5).
Of the environmental indicators used in this study to model kangaroo 
distribution, the most useful was rainfall (Tables 19 and 20). Given the 
study design, rainfall totals were found to be a more sensitive indicator 
of pasture status than the other measures utilized. Such a relationship 
is not unexpected. In the Serengeti region of East Africa, for example, a 
simple linear relationship has been established between rainfall and grass 
production, which in turn determines the migratory movements of the 
grazing herds (e.g. Braun, 1973; Sinclair, 1977, 1979b; Jarman and Sinclair, 
1979; Hilborn and Sinclair, 1979). The comparative usefulness of rainfall 
in predicting kangaroo distribution between Barrington and Eddington 
implies that as absolute rainfall totals increase and rainfall distribution 
becomes more regular, the value of rainfall as an indicator of pasture 
status decreases. This could be expected as the relationship between rain­
fall and pasture production is more direct in arid and semi-arid environments 
than is the case for more humid climates (e.g. Walter, 1954; Whittaker,
1970; Bourliere and Hadley, 1970; Krebs, 1972; Phillipson, 1975).
Some caution needs to be exercised in accepting a simple relationship 
between rainfall, pastures, and kangaroo distribution. As Smith (1974:150) 
points out, while seasonal rainfall variation is well documented, the same 
is not true of seasonal forage distribution which is often inferred from 
rainfall and claimed as the controller of animal distribution. While other 
factors, and in particular temperature, interact with rainfall to control 
pasture growth, evidence is available to suggest that for Australian native 
pastures, rainfall produces a significant response regardless of season 
(e.g. Evenson and Rose, 1977; Newman, 1973; Pressland and Lehane, 1980).
This point explains the inferior predictive power of soil moisture storage 
and pasture growth indices.
Although a range of studies have demonstrated the value of soil 
moisture as an indicator of pasture production (e.g. Fitzpatrick and 
Arnold, 1964; Me Alpine, 1970; Rosenthal et a i.r 1976), the measure was 
not suited to the present study because it could not be effectively related
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to pasture status in the short term. Studies conducted for the Bol Ion 
and Warwick districts (Kalma, 1974; Smith and Johns, 1975; Wills, 1976) 
show that mean soil moisture storage totals are the reverse of rainfall 
totals. Soil moisture values reach a maximum in winter when rainfall is 
lowest. This pattern is evident in Figures 34 and 35. The low tempera­
tures that favour retention of soil moisture also retard growth of the 
pastures which are predominantly summer growing.
The pasture growth models on the other hand are dominated by 
temperature indices related to the growth of summer grasses. The community 
aspect is ignored and consequently winter rainfall produces little, if any 
growth response from the models. Likewise the models do not accommodate 
variations in growth response resulting from phenology. They produce 
largely meaningless indices for growth once grasses have flowered. There 
appears to be limited scope for applying such models to kangaroo habitats 
in general. While a range of pasture growth models have been devised for 
the climatic environments involved, virtually all refer to individual 
pasture species with exotic pastures featuring prominently (e.g. Vickery 
and Hodges, 1972; Sweeney and Hopkinson, 1975; Lynch, 1976; Smith and 
Stephens, 1976; Ivory and Whiteman, 1978a, b; Christie, 1974, 1978, 1981). 
Given the priorities of pasture research, wildlife ecologists are unlikely 
to have at their disposal in the foreseeable future appropriate pasture 
growth models that can accommodate the species composition and growth 
cycles of native pastures. A general model or series of models that could 
cope with the geographical extent of grey kangaroos is unlikely to be 
developed.
No detailed research has been conducted into home range or migratory 
movement of grey kangaroos. While it has been suggested that grey 
kangaroos do migrate over long distances (Denny, 1975), this view has its 
critics (Caughley, 1975; Poole, 1975). Home range is an intricate concept 
(e.g. Jewell, 1966) and the state of knowledge on this aspect of grey 
kangaroo ecology relates only to very general relationships. Grey 
kangaroos can be said to occupy an undefended home range and the species 
appears to be much more sedentary than red kangaroos (Caughley, 1964a; 
Kirkpatrick, 1966; Frith and Calaby, 1969; Frith, 1973; Russell, 1974). 
Kaufmann (1974, 1975) identified two distinct mobs each with a small, well 
defined home range for his study (Section 2.6). A home range entity of at 
least 1.5 X 3.5km was defined for one of these. Taylor (1980) indicates 
that the grey kangaroo population he studied occupied a well defined local 
area (Section 2.6). The two investigations suggest limited home ranges.
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Observations at Durikai also lend weight to this argument. Readily 
identifiable animals were present in the area for the duration of the 
study and the same bedding sites were used by individual mobs over 
extended periods of time.
Hence the data presented are taken to represent movements charac­
teristic of local 'dispersal' (Western, 1975:266). Seasonal concentration 
and dispersal over rather short distances is a common pattern in ungulate 
distribution (Dinerstein, 1979:292) and would appear to be the major factor 
governing the habitat usage of grey kangaroos. Certainly for Eddington, 
the spatial arrangement of habitats with forestry blocks separated by 
extensive zones of cleared country precludes large scale migration 
(Figure 8). At Barrington the data presented are to some extent 'migration 
proof' as they represent proportional usage of habitats.
Seasonal movement patterns of animals follow predictable trends if 
specific habitat types are influenced differentially but predictably by 
climate (Baker, 1978:56). As noted previously, while grey kangaroos prefer 
wooded habitats to cleared, this preference is moderated by the availability 
of suitable forage within such areas. As pastures deteriorate, grey 
kangaroos make increasing usage of cleared country (Figures 34 and 35).
The comparative superiority of cleared areas as sources of suitable forage 
is always present and the difference becomes more pronounced with the 
onset of drying conditions (Figures 36 and 37). The figures demonstrate 
that habitat type influences not only the biomass of grasses produced 
during a season but also the growth cycle of the grasses. New growth 
commences in cleared country before it develops in wooded areas.
Initiation of the flowering of grasses and the subsequent degeneration 
of foliage, however, develops more rapidly in wooded areas. In terms of 
pasture quality, wooded zones provide green forage for a much shorter 
period over any grass growth cycle than adjacent cleared areas.
Although the process is not well defined due to the difficulty of 
sampling both animal and food simultaneously (Low, 1979), many studies 
have established that availability of food is the primary factor influencing 
the distribution of grazing animals (e.g. Howard, 1960; Arnold, 1964;
Keast, 1968; Bell, 1969; Kohn and Motty, .1971; Young, 1972; Leuthold and 
Sale, 1973; Berwick, 1974; Ferrar and Walker, 1974; Martin, 1978;
Dinerstein, 1979; Jarman and Sinclair, 1979). The relationship has been 
documented for non migratory animals utilizing similar climatic regimes to 
that of the grey kangaroo (e.g. Klingel, 1969; Bourliere and Hadley, 1970; 
Simpson, 1972; Western, 1975; Pennycuick, 1975; Kutilek, 1979; Afolayan and
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WOODED
7 APRIL 1978 FLOWERING RIPE
CLEARED
7 APRIL 1978 FLOWERING UNRIPE
29 JULY 1978 LEAVES 7 5 -1 0 0  PERCENT DRY 29 JULY 1978 LEAVES 5 0 -7 5  PERCENT DRY
23 SEPT.1978 NEW SHOOTS23 SEPT.1978 NEW SHOOTS
18 NOV.1978 SHOOTS GROWN, PREFLOWERING 18 NO V.1978 SHOOTS GROWN PREFLOWERING
Figure 36. Comparative status of pastures for wooded and cleared habitats at Eddington.
(Pasture growth stages according to Western,1976)
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WOODED
1 S E P T . 1 9 7 8  NEW S H O OT S
CLEARED
1 S E P T . 1 9 7 8  NEW S HOOTS
6 D E C . 1 9 7 8  FLOWERING RIPE 6 D E C . 1 9 7 8  FLOWER IN G RIPE
2 0  F E B . 1 9 7 9  LE AV ES  7 5 - 1 0 0  PER CE NT DRY 2 0  FEB.  1 9 7 9  LEAVES 5 0 - 7 5  PERCENT DRY
25  APRIL 1 9 7 9  LEAVES 7 5 - 1 0 0  P ER CE NT DRY
Figure 37. Comparative status of pastures for wooded and cleared habitats at Barrington.
(Pasture growth stages according to Western.1976)
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Ajayi, 1980; Laurie, 1982). With regard to other macropods, forage 
availability, notably green pick from perennial grasses, has been found 
to exert a major influence on the distribution of red kangaroos (Frith, 
1964; Chippendale, 1962, 1968; Newsome, 1965a, b, 1971a, 1975; Frith and 
Calaby, 1969; Bailey, 1971; Denny, 1979, Low et ai., 1981) and euros 
(Ealey, 1967a).
Seasonality in one form or another modifies the distribution, quality 
and types of food available to all wildlife. According to Jarman and 
Sinclair (1979:134) herbivores adapt to changing forage conditions by 
choosing:
(a) the plant communities in which to feed;
(b) the plant type or species to eat; and
(c) the plant parts to eat.
Another behavioural adaptation is varying the time of feeding to coincide 
with diurnal peaks in plant water content (Western, 1975; Kutilek, 1979). 
As Smith (1974:150) points out, the most common response of mammals from 
many different taxonomic groups and functional types to these changes in 
food resources is seasonal shifts in dietary components (e.g. Górecki and 
Gebczynska, 1962; Buchner, 1964; Vaughn, 1967; Child and von Richter,
1969; Hansson, 1971; Boeker et al., 1972; Pavlenko and Davletshina, 1972; 
Jacobsen, 1974; Jarman and Sinclair, 1979). For example, most herbivores 
utilize browse plants during dry seasons because grass is less nutritious 
during these times (e.g. Napier-Ban and Sheldrick, 1963; Eisenberg et ai., 
1970; Afolayan and Ajayi, 1980). Animals such as the migratory wildebeest 
of East Africa which are exclusively grazers, switch grasses according to 
season (Audere, 1981). Grey kangaroos appear to be much less adaptive. 
Although non migratory herbivores are generally mixed feeders (e.g. Talbot, 
1963; Hirst, 1975; Kutilek, 1979), available evidence (Griffiths and 
Barker, 1966; Griffiths et a l ., 1974; Fox, 1974) suggests that the plant 
species and plant parts eaten by grey kangaroos remain relatively constant 
regardless of season. Seasonal change in the habitats utilized is the 
major response of grey kangaroos to variation in the quantity and quality 
of forage.
The essentially one-dimensional response to changing environmental 
circumstances is further restricted by the limited mobility of grey 
kangaroos. Given the simplicity of the seasonal response pattern, it 
would seem reasonable to expect that, in common with most consumers 
(French and Sauer, 1974), grey kangaroos would be particularly sensitive
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to forage quality. Previous studies on grey kangaroos provide contra­
dictory evidence on this point. While Griffiths and Barker (1966), Fox 
(1974) and Griffiths et al. (.1974) state that grey kangaroos are green 
selective, Kirkpatrick (1964a) found no evidence of this.
The data gathered for the current study indicate that the superior 
quality of forage in cleared areas is the major factor influencing 
kangaroo usage of this habitat type during periods that are unfavourable 
to pasture growth (e.g. Figures 36 and 37). Facilitation, in this case 
where grazing by one species has a beneficial effect upon pasture 
reserves for another (e.g. Vesey-Fitzgerald, 1960; Bell, 1970, 1971;
Gwynne and Bell, 1968; Western, 1973; Me Naughton, 1976; Sinclair, 1979a; 
Maddock, 1979; Audere, 1981) appears to be important. At Eddington in 
particular, areas of mature pasture that were heavily grazed by domestic 
stock (cattle and sheep) attracted intensive kangaroo usage. A comparable 
relationship between stock and kangaroos has been recorded previously 
(Newsome, 1965a, 1975; Frith, 1973; Cunningham, 1981), although both 
Kirkpatrick (1964a) and Stewart (1980) found that grey kangaroos avoid 
cleared areas where heavy grazing by sheep results in a lack of ground 
cover. The importance of grazing in exposing green pick and prolonging 
and increasing pasture productivity, by suppressing flowering and the 
associated post-flowering senescence, is a well established principle in 
wildlife research (e.g. Vesey-Fitzgerald, 1965; Bourliere and Hadley,
1970; Me Naughton, 1979). The importance of the relationship to the 
Aristida dominated pastures at Barrington and Eddington is critical 
because of the short time between the commencement of growth following 
rain and the initiation of infloresence (Pressland and Lehane, 1980).
Kangaroo usage of previously grazed areas could be interpreted as 
merely selection for grass height. Other data, however, suggest that 
access to green forage is the primary factor involved. For example, in 
both study areas kangaroo concentration in wooded areas reached a peak 
when grass growth was well advanced, not when the pasture comprised short 
green growth. As domestic stock were excluded from, or avoided forested 
areas, availability of short (grazed) forage was lower for forest at these 
times. On the final three surveys at Barrington which sampled very dry 
conditions, grey kangaroos actively sought out remaining areas of green 
feed. These were associated with micro-relief features (depressions) that 
were limited in extent and often well away from wooded zones. Similar 
hydrologically favoured sites serve as drought refuges for red kangaroos 
(Low and Low, 1975; Newsome, 1975). Such areas at Barrington were
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characterized by heavy concentrations of kangaroo faecal pellets, closely 
cropped grass and frequently, uprooted grass tussocks. Kangaroos 
apparently removed individual plants so that the still green, basal area 
was more easily reached. Sheep did not appear to concentrate in these 
areas.
Pasture quality is closely related to phenology. It is well 
established that plants are often selected according to developmental 
stage and that an important determinant of animal distribution is often 
the stage of development of the forage grasses (e.g. Vesey-Fitzgerald,
1960; Talbot and Talbot, 1963; Bell, 1969; Bourliere and Hadley, 1970; 
Young, 1972; French and Sauer, 1974; Me Naughton, 1976; Hudson, 1977; 
Westoby, 1978; Dinerstein, 1979, 1980; Owen-Smith and Novel 1i, 1982).
For most grazing ungulates, plants are most highly selected in the early 
stages of growth (Dinerstein, 1979:291).
In the study areas in each growing season from the time pasture growth 
commenced, kangaroo usage of cleared country persistently declined until 
the grasses matured (Figures 34 and 35). For the initial period of 
pasture growth, cleared areas will provide green forage at an earlier 
stage than wooded land (Figures 36 and 37). Following this stage, however, 
the preferred wooded habitats provide ample green pick, albeit in smaller 
quantities than is available for cleared areas. During this period of 
the pasture growth cycle the bulk of the grey kangaroo population is 
confined to wooded habitats.
Once the dominant pasture grasses matured, usage of cleared country 
increased regardless of further rain and favourable temperatures for grass 
growth (Figures 34 and 35). Presumably the dense top-growth of browned off 
leaves and flower stalks reduces the availability of green forage. This 
phase of senescence in the grass growth cycle is clearly illustrated by 
Figure 38 which traces post-flowering pasture status for the duration of 
the Barrington study. The sequence develops rapidly for wooded areas 
where grasses tend to brown off completely soon after seeding (Figures 36 
and 37). This appeared to be the major factor favouring large scale 
movement of kangaroos into open areas. With green pick restricted to 
cleared country, where facilitation through the grazing of domestic stock 
is evident, grey kangaroos leave the preferred wooded zones during feeding 
periods to utilize the superior forage of cleared land.
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6 Dec 1978
BULK OF PASTURE CARRYING RIPE FLOWERS
20 Feb 1979
FLOWERS DEAD, LEAVES 50 -75  PERCENT DRY
(AREAS INFLUENCED BY INTENSIVE GRAZING 
AND/OR MICRORELIEF: LEAVES 25 -50  PERCENT DRY)
25 April 1979
LEAVES STRAW COLOURED, 75 -100  PERCENT DRY
18 July 1979
LEAVES GREY, 75-100  PERCENT DRY
(TINGES OF GREEN STILL VISIBLE IN BASAL AREA OF 
SOME TUSSOCKS)
3 Nov 1979
LEAVES GREY, 100 PERCENT DRY
(TUSSOCKS 50-75  PERCENT DRY STILL AVAILABLE)
Figure 38. Poet flowering senescence of grasses at Barrington
(pasture growth stages according to Western, 1976
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Prolonged periods without pasture growth, as typifies the latter half 
of the Barrington study and the winter/spring period of 1979 for 
Eddington, result in an almost complete absence of green forage. As 
noted earlier, grey kangaroos do appear to seek out isolated areas that 
offer at least some better quality forage. For most mammals when food is 
in short supply it is distributed in low density over large areas (Baker, 
1978:551). Grey kangaroo usage of cleared country at such times indicates 
that they are sensitive to this forage distribution pattern. During times 
of drought, forage in cleared areas remains superior to that in wooded 
country where grasses quickly become grey and collapse, losing their 
erect form. As indicated by Fox (1974) grey kangaroos succumb to 
starvation during drought earlier than red kangaroos and sheep because 
of their reliance on a grass diet that eventually loses all nutritional 
value. While this did not occur at Barrington during 1979, the property 
owner reported that adult kangaroos began to die with the onset of winter 
in 1980 as the drought continued.
The commencement of the annual pasture growth cycle and the length of 
the growing season vary from year to year and appear to have a significant 
influence on kangaroo distribution (Figures 34 and 35). At Barrington 
(Figure 35) the pasture season of 1978 was one of the best on record, 
lasting six months. Despite low winter temperatures, the perennial 
grasses exhibited a flush of growth in June and finally matured in 
December. In 1979, on the other hand, there was no growth season. The 
year witnessed a prolonged deterioration of the previous year's production. 
Kangaroos responded to increasing availability of green forage between 
June and December, 1978 by making progressively heavier usage of the 
preferred wooded zones. The reversal of the forage trend from December, 
1978 through 1979 was mirrored by the increasing reliance of grey kangaroos 
on cleared country.
Two complete growth cycles were monitored at Eddington (Figure 34).
The grass growing season from the spring of 1977 did not begin until late 
in the year, following a dry winter and little early summer rain.
However, the actual growing season was prolonged by uneven rainfall 
distribution and the summer grasses did not mature until May, 1978.
With green forage available for both cleared and wooded habitats until 
this time, only limited kangaroo usage of cleared country was recorded.
This situation coupled with above average winter rains in 1978 produced 
an abnormal abundance of green forage for this winter. Growth of the 
summer grasses commenced early in the following spring and with high soil
131
moisture storage and abundant early summer rainfall, grasses were flowering 
by late November. Further rain elicited little response from the pasture. 
The growth cycle was therefore of much shorter duration than that of the 
previous year. By the March survey of 1978 kangaroos had begun to exhibit 
a definite trend towards increasing usage of cleared habitats. At this 
time the previous year, usage of cleared country was much lower and was 
still decreasing. The pasture degenerated rapidly with the onset of a 
dry winter in 1979. Again the contrast with the same season of the 
previous year is striking (Figure 39) and is reflected in the kangaroo 
density data. The winter of 1979 saw more than twice as many kangaroos 
using cleared country as in the preceding winter.
For the Eddington district, Swann (1973) outlines the complex 
sequences of pasture development that follow particular rainfall patterns 
and the role of grazing by domestic stock in further modifying them.
Such patterns do not follow a regular sequence and are difficult to 
quanitfy. An appreciation of them and their impact on wildlife is, 
however, essential in understanding habitat utilization by any animal 
(Gwynne and Croze, 1975).
At both Eddington and Barrington the movement of kangaroos into 
cleared country appears to level off after the pastures in this habitat 
become 75 - 100 per cent dry (Figures 34 and 35). As wooded habitats are 
extensive in the two areas, their abandonment for feeding purposes must 
take place rapidly once pastures deteriorate. By the time pastures are 
completely dry, cleared country is already supporting maximum densities 
of kangaroos. Although the data gathered are rather limited, it is 
suggested that drought conditions result in a rapid population shift to 
cleared country and that this high level of usage is sustained for the 
duration of the drought. Pastures may remain dry for long periods during 
a drought and this would it seems hold kangaroo distribution relatively 
constant. Times of plenty, on the other hand, are more ephemeral.
Pasture phenology fixes optimal pasture availability to the final stages 
of growth prior to the seeding of the summer grasses (Figures 34 and 35). 
As discussed previously, the commencement and length of the critical 
summer growing season may vary widely. Although limited grass growth 
(induced by rain following flowering) and the growth of winter herbage 
may result in a modest forage availability,it is the summer growth of 
grasses that has the major impact on grey kangaroo distribution patterns. 
This is illustrated by Figures 34 and 35 where the relatively short cycles 
of increasing kangaroo usage of wooded habitats are associated with the
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APRIL 1978 FLOWERING RIPE APRIL 1979 FLOWERS DEAD, LEAVES 25 -50%  DRY
JUNE 1978 FLOWERS DEAD, LEAVES 2 5 -5 0 %  DRY JUNE 1979 LEAVES 5 0 -7 5  PERCENT DRY
JULY 1978 LEAVES 5 0 -7 5  PERCENT DRY 
(WINTER HERBAGE)
SEPT.1978 SPRING FLUSH OF SUMMER GRASSES 
(WINTER HERBAGE)
JULY 1979 LEAVES 7 5 -1 0 0  PERCENT DRY
SEPT.1979 DORMANT LEAVES 7 5 -1 0 0  PERCENT DRY
Figure 39. Contrasting pasture status for the winter/spring period in 1978 and 1979 at Eddington.
(Pasture growth stages according to Western 1976)
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growth phases of the summer grasses. Despite a preference for wooded 
habitats, the distributional data suggest that grey kangaroos are heavily 
dependent on cleared country.
The range of the grey kangaroo in Queensland is extensive (Figure 1) 
incorporating a diverse array of plant communities and habitats. Specific 
relationships between the animal and its environment could be expected to 
mirror this diversity. However, although the two study sites were located 
in dissimilar habitats influenced by different climatic regimes, results 
for both areas are comparable. It is likely that the seasonal movement 
patterns identified should apply to grey kangaroo habitats in general.
The findings show clearly that grey kangaroo distribution is controlled by 
forage status. Therefore, due regard must be taken of environmental 
conditions in any appraisal of grey kangaroo habitat preferences. Unless 
they are taken into account, no meaningful comparison is possible between 
separate surveys that examine the habitat preferences of this animal. 
Habitat usage patterns change in a regular cycle and, from any point in 
time, the trend in kangaroo distribution can be predicted through reference 
to the quantity and quality of pasture and its phenological status. The 
major controls on the pasture variable are rainfall and the interaction of 
this with time of the year (season). Together, this simple and readily 
available information provides a useful indicator to pasture trends and 
the associated, seasonal movement patterns of grey kangaroos.
SECTION 4
STATISTICAL MODELLING OF FAECAL PELLET DATA
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4.1 Kangaroo Usage of Cleared Country Adjacent to Forest
4.1.1 Introduction and methods
Preliminary interpretation of the faecal pellet data for cleared 
country (Section 3) identified a regular decrease in faecal pellet density 
with increasing distance from cover (wooded country). The decrease 
appeared to be of a type such that relative rate of decline in faecal 
pellet density with increasing distance from cover was independent of 
density of pellets (Section 3.4.1). One possible explanation of a 
relationship of this form is the general exponential decay model.
Since the concept of exponential growth (decay) was applied to the 
field of biotic potential (e.g. Lotka, 1925; Dublin and Lotka, 1925; 
Huxley, 1932; Leslie and Ranson, 1940; Birch, 1948), it has become firmly 
entrenched in the theory of ecological modelling (e.g. Watt, 1968; 
Eberhardt, 1971; Watts, 1971; Odum, 1971; Krebs, 1972; Pielou, 1977; 
Dudley, 1978). The exponential growth model is logically simple and 
empirically valid (Batschelet, 1979). As such it is well suited to 
defining biological relationships.
The rate at which a population is changing (dN/dt) at any time 
[N(t)] adopts its simplest form when the per capita growth (decay) is 
constant (r) and independent of population density. Under circumstances 
such as these:
dN/dt = rN
This has the familiar solution (e.g. May, 1981:6):
N(t) = N(0) exp (rt)
While the model has been widely used in population modelling, its 
application to studies of dispersion (as a form of exponential decay) has 
been limited. The most common applications of this sort have been 
concerned with rates of spread of organisms from points of release. The 
relationship may take the form of constant decreases in density with 
increasing distance (e.g. Wolfenbarger, 1946; Gregory and Read, 1949; 
Kettle, 1951; Mac Leod and Donnelly, 1963; Southwood, 1966; Mac Arthur 
and Wilson, 1967; Diamond and May, 1981). This is essentially the 
situation seen to exist with kangaroo dispersion away from forest/cleared 
country interfaces into cleared country. The exponential decay model 
therefore takes the form:
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dd = C.e‘kd.(-k)
= i r -kd-k.C.e
= -kR
f /R
= -k
and R = f(d)
= C.e-kd ...0)
where R = population at any specified distance from
cover;
C = population at distance zero (forest edge);
k = relative rate of decline in the population
with increasing distance from cover; and
d s distance from cover.
Assuming that equation (1) does provide an adequate description of 
the distribution of grey kangaroos across cleared country, it can be used 
to define this pattern. A predicted population total for a theoretical, 
limitless cleared area bordering forested country is given from equation 
(1) as:
where
R
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Equation (2) can be used to define the d istribution  pattern away 
from cover. For example, the population total using cleared country 
within any specified distance from cover (e.g. D metres) i s  derived from:
N
Dr
Rdd
Ç -kd 
-k *
D
o
f  O  - e * Dk) ...(3)
and the proportion of the total population using the f i r s t  Dm as:
PD
Ç
k (1 - e " D k ) /
Ç
k
= 1 ...(4)
The probability (P) that a grey kangaroo w ill venture further than 
a specified distance (D) from cover is  given by:
P RdD 
6 '
rOC f
Rd D
o
dd
7 e - kddd
;
dd
o
. . . ( 5)
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and log P
Var (log P) =
s.e.(log p)
95% C.l. for log P = 
95% C.l. for P =
-kD
Var(-kD)
D2 . Var(k)
D . s.e.(k)
-kD ± 2.D. s.e.(k) 
e-kD±2.D. s.e.(k) . . . (6)
Four separate models were used to examine the adequacy of equation (1) 
in explaining variation in the data (Table 21). The first (model 1) 
assumed no relationship between kangaroo density and distance from cover 
and the last (model 4), general density x distance interaction with no 
regular pattern involved. The intervening models (models 2 and 3) were 
derived from equation (1) and defined linear trends on the log scale of 
decreasing density with increasing distance from cover. Model 2 assumed 
a common rate of decline for each data set (series of surveys) and model 3 
a separate rate of decline for each survey within a data set. Input data 
were pellet densities per sample plot for cleared country at Eddington 
and Barrington arranged in five strata representing 100m sections away 
from cover (Figure 32) as used in Section 3.
The four models were fitted using the GLIM-3 programme (Baker and 
Neider, 1978; Richardson, 1982). The ability of each to describe 
variation in the data was examined through analysis of variance by 
treating the four models as a nested series.
4.1.2 Adequacy of equation (1)
Results from analysis of variance are displayed in Tables 22 and 23.
Eddington (Table 22)
Differences in population density between surveys (model 1) account 
for 71 per cent of the variation in the data that can be accounted for by 
any model. Of the distance effects (models 2, 3 and 4), model 2, based on 
a common rate of decline in density away from cover for all surveys, is 
able to explain 83 per cent of the variation that can be solved by models 
of this type. The contribution of individual rates of decline for each 
survey (model 3) is not significant in practical (explains < 2 per cent of
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M O D EL  1 
(logeR = A¡
M O D EL  2 
(logeR = A¡
M O D EL  3 
(logeR=  Aj
M O D EL 4 
(loge R= M¡
where 
a, b, and 
with
logeC = A  
k = -b 
i = ith 
Mjj = log,
Table 21.
defines variation in density 
accounted for by individual 
) surveys assuming no distance
effects.
c
a>
" O
oro
distance
+ bd)
defines variation in density 
accounted for by distance 
effects assuming a constant 
rate of decline (k) for all 
surveys.
+ b; d)
defines variation in density 
accounted for by distance 
effects assuming a different 
rate of decline (k) for each 
survey.
defines variation in density 
at any distance within a 
survey to be unrelated to 
the density at any other 
distance or survey.This is 
the most general model 
possible.
Survey 1 
Survey 2
d are derived from equation(T)
survey (i = 1...... n)
j (pellets at ¡ th position in the ith survey)
Models used to assess the relationship between faecal pellet density 
and distance from cover.
139
Source
(per
SS
cent explained SS)
DF MS F P
Model 1 
(loge R = A.)
708
(70.9) 13
54.46 77.8 <.01
Model 2
(loge R = A. + bd)
240
(24.0) 1 240 342.86 <.01
Model 3
(loge R = Ai +b,-d)
5.8 
( 0.6)
13 0.446 0.64 NS
Model 4 
(loge R = M u )
45.05 
( 4.5)
42 1.073 1.53 <.05
Residual 847.15 1210 0.7
Total 1846 1279
Table 22 Analysis of variance assessment of the adequacy 
of the four models (Table 21) in describing 
kangaroo usage of cleared country at Eddington.
Source
(per
SS
cent explained SS)
DF MS F P
Model 1 
(loge R= A.)
655.1
(76.3) 17 38.54 116.77 <.01
Model 2
(loge R= A. + bd)
106.2
(12.4)
1 106.2 321.82 <.01
Model 3
Cloge R= A. +bfd)
45.9 
( 5.3)
17 2.7 8.18 <.01
Model 4 
(loge R = Mijj)
51.43 
( 6.0)
54 0.95 2.88 <.01
Residual 262.37 795 0.33
Total 1121 844
Table 23 Analysis of variance assessment of the adequacy 
of the four models (Table 21) in describing 
kangaroo usage of cleared country at Barrington.
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variation from distance effects), or statistical terms (F = 0.64, P = NS).
The full model (model 4) accounts for only 15 per cent of the distance 
effects. As explanation is restricted to patterns pertaining to individual 
surveys, the result cannot be used in a predictive sense.
The results indicate that model 2 (incorporating model 1) provides an 
excellent description of the data accounting for 95 per cent of the 
variation that can be resolved by any model. That is, kangaroo density 
declines in a regular manner with increasing distance from cover (forest). 
Furthermore the rate of decline is adequately depicted by a single constant 
that applies to all surveys regardless of the total number of kangaroos 
using cleared country.
The adequacy of model 2 in defining a constant rate of decline in 
faecal pellet density with increasing distance from cover, for all surveys, 
is further illustrated by Figure 40. The diagram compares individual rates 
of decline (k) for each of the 14 surveys derived from model 3, with the 
average rate of decline returned by model 2 (Figure 40a). There is no 
significant variation in rate of decline between any two surveys (t tests). 
From Figure 40b it can also be seen that there is no trend towards inter­
action between rate of decline and the population total using cleared 
country at any one time.
Barrington (Table 23)
Differences in population density between surveys (model 1) account 
for 76 per cent of the variation in the data that can be accounted for by 
any model. Of the distance effects (models 2, 3 and 4), model 2, based on 
a common rate of decline in density away from cover for all surveys, is 
able to explain 52 per cent of the additional variation that can be solved 
by models of this type. Model 3 which defines a separate rate of decline 
for each survey and the full model (model 4) which defines what is 
essentially residual variation due to distance effects, each provide 
approximately 24 per cent of distance related variation.
Results indicate that model 2 (incorporating model 1) is able to 
account for 89 per cent of the variation in the data that can be resolved 
by any model. In terms of providing a general description of kangaroo 
usage of cleared country this level of explanation is quite satisfactory. 
However, the simple interpretation of the influence of distance on pellet 
distribution provided by model 2 does not apply as well to the Barrington 
data as it does to the Eddington data. Model 3 indicates that between
mSurvey
(Horizontal line represents average k from model 2)
represents difference required for significant difference 
at .05 level (least significant difference)
(a) Individual survey ks (model 3) for Eddington cleared country.
Survey
(b) Kangaroo density indices for Eddington cleared country.
Figure 40. Individual rate of decline (k) and corresponding 
density index for each survey at Eddinton.
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surveys, there is significant variation in the rate of decline in density 
with increasing distance from cover. Likewise, the proportion of distance 
related variation represented by model 4 suggests that other relationships 
not incorporated in models 2 and 3 also make a significant contribution to 
the distribution pattern.
The inferior predictive power of model 2 for this environment, as 
compared to the Eddington study area, is illustrated by Figure 41. There 
are major departures from a common rate of decline (model 2) and a 
substantial number of significant differences in rates of decline between 
individual surveys (t tests). From a comparison of Figure 41a and Figure 
41b, it can also be seen that there is some suggestion of a general trend 
for k values to decline as usage of cleared country increases. A 
reassessment of the Barrington data, fitting each site separately is 
presented in Table 24.
For site 1, model 2 (incorporating model 1) accounts for 92 per cent 
of the explainable variation. The contribution of model 3 is insignificant 
with model 4 accounting for 30 per cent of the total distance effects.
With site 2, model 2 (incorporating model 1) accounts for 91 per cent 
of the explainable variation although 81.6 per cent of this is attributable 
to model 1. Model 2 also provides only 50 per cent of the variation from 
distance effects, with the major portion of the remainder provided by 
model 4.
For site 3, model 2 (incorporating model 1) accounts for 85 per cent 
of the explainable variation. The model 3 contribution to explanation is 
far higher than for the other two sites or Eddington. One-third of the 
variation due to distance effects is explained by model 3. In this case, 
a model 3 strategy (incorporating models 1 and 2) would explain 95 per cent 
of the total variation attributable to any model.
A more detailed appraisal of these results is summarized in Figure 42. 
Individual rates of decline for the six surveys at each site, derived from 
model 3, are compared to the average rate of decline returned by model 2.
The diagrams illustrate that model 2 provides a sound explanation of 
the data from site 1 (Figure 42a). There is no significant variation in 
rate of decline between any two surveys (t tests), and there is no trend 
towards interaction between rate of decline and the proportion of the 
population using cleared country.
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(a) BARRINGTON SITE 1
Sour« (per SScent explained SS) DF MS F P
Model 1 
(loge R = A i)
181.8
(76.5)
5 36.36 154.72 <.01
Model 2 37.51 1 37.51 159.62 <.01
(loge R = A. + bd) (15.8)
Model 3
(loge R = Ai + b^d)
1.81 
( 0.8)
5 0.362 1.54 NS
Model 4 16.48 18 0.916 3.9 <.01
O o g e R = H1 j )
Residual 61.0 260 0.235
Total 298.6 289
(b) BARRINGTON SITE 2
Source ,(per
SS
cent explained SS) DF MS F P
Model 1 153.35 5 30.67 154.9 <.01
(loge R + A.) (81.6)
Model 2 17.68 1 17.68 89.29 <.01
(loge R = Ai + bd) ( 9.4)
Model 3 2.38 5 0.476 2.4 <.05
(loge r + a . + bjd) ( 1.3)
Model 4 14.56 18 0.809 4.09 <.01
( l ° g e ( 7.7)
Residual 49.53 250 0.198
Total 237.5 279
(c) BARRINGTON SITE 3 
Source SS(per cent explained SS) DF MS F P
Model 1 277.8 5 55.56 104.24 <.01
(loge R = A i) (71.1)
Model 2 55.3 1 53.3 100.0 <.01
(loge R = A- + bd) (14.1)
Model 3 37.5 5 7.5 14.07 <.01
(log R = A . + b.d) ' 3e i i ' ( 9.6)
Model 4 20.36 18 1.13 2.12 <.01
(loge R = M^j) ( 5.2)
Residual 151.84 285 0.533
Total 542.8 314
Table 24 Analysis of variance assessment of the adequacy of the four models 
(Table 21) in describing kangaroo usage of cleared country at each 
site at Barrington.
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(o)
(b)
(c)
Figure 42. Individual rate of decline (k ) and corresponding density index for 
each survey at each survey site at Barrington.
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For site 2 a similar situation is evident (Figure 42b). Model 2 
provides a reasonable approximation of the data. However, significant 
differences in individual rates of decline are evident in three of the 
possible 15 pairs of combinations (t tests).
As suggested by Table 24c, there is clear evidence of separate rates 
of decline for site 3 (Figure 42c) where there are significant differences 
between individual k values in nine of the 15 pairs (t tests). There is 
also a clear relationship between the proportion of the population using 
cleared country and the rate of decline.
4.1.3 Defining kangaroo distribution into cleared country
For both the Eddington and the Barrington study areas, kangaroo 
distribution away from cover, across cleared country was adequately 
described by equation (1). As a statistical description of the variation 
in the data (model 2), equation (1) was appropriate for all surveys at 
Eddington (Table 22, Figure 40). At Barrington, where three sample sites 
were involved, model 2 provided a useful, general description of the 
combined data (Table 23, Figure 41) although separate distribution patterns 
were evident for each site (Table 24, Figure 42). The distribution 
pattern for cleared country at Eddington, as predicted by model 2 and 
estimated from equation (4), is presented in Figure 43a. The correspond­
ing model for Barrington (combined data) is presented in Figure 43b.
Model 2 also indicates that distribution across cleared country is 
density independent. Grey kangaroos use cleared country in a similar 
manner regardless of season and (apparently) the absolute need to venture 
far from shelter in search of forage. Therefore, acceptance of the 
model 2 explanation suggests that Figures 43a and 43b define the mean 
behaviour pattern for kangaroos using the two environments. Kangaroos 
entering cleared country w ill, on average, follow a similar dispersion 
sequence. The probability that kangaroos will venture further than 
specified distances from cover, as derived from equations (5) and (6), 
is presented in Tables 25 and 26. These estimates of distribution 
(Figure 43, Tables 25, 26) should be treated with caution for distances 
further than the 500m within which data were gathered. As well, while 
presenting an average situation is  justified for Eddington, the Barrington 
data are more variable and exhibit significant departures from a common 
distribution pattern.
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(a )  EDDINGTON
k = -.3062 
(per 100m)
( s . e . = . 01665 )
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Distance from cover (m)
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BARRINGTON
k = -.2449
(per 100m)
( s . e .  = .01532 )
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00 800 1000 
rom cover (m )
Figure 43. Distribution pattern for cleared country at 
Eddington and Barrington as predicted by 
model 2 .
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Distance (m) P 95% C.I.
> 100 .74 .71 - .76
> 200 .54 .51 - .58
> 30Q .40 .36 - .44
> 400 .29 .26 - .34
> 500 .22 .18 - .26
> 600 .16 .13 - .19
> 700 .12 .09 - .15
> 800 .09 .07 - .11
> 900 .06 .05 - .09
>1000 .09 .03 - .07
Table 25 Estimated probability that kangaroos 
at Eddington will venture further than 
specified distances from cover.
Distance (m) P 95% C.I.
>100 .78 .76 - .81
>200 .61 .58 - .65
>300 .48 .44 - .53
>400 .38 .33 - .42
>500 .29 .25 - .34
>600 .23 .19 - .28
>700 .18 .15 - .22
>800 .14 .11 - .18
>900 .11 .08 - .15
>1000 .09 .06 - .12
Table 26 Estimated probability that kangaroos 
at Barrington will venture further than 
specified distances from cover.
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4.1.4 Discussion
As demonstrated by Tables 22, 23 and 24, the majority of the explain­
able variation in faecal pellet density is due to seasonal effects. That 
is, differences in density between surveys (model 1). This is directly 
related to the seasonal movement patterns of grey kangaroos (Section 3).
As the magnitude of this effect is reasonably consistent across sites and 
regions, it provides further support for the case presented in Section 3, 
that seasonal movement patterns of the grey kangaroo follow predictable 
trends.
The modelling approach adopted also demonstrates that a substantial 
proportion of the variation in pellet density (roughly 45 per cent for 
Eddington and 25 per cent for Barrington) comprises residual variation 
not explained by any of the models (Table 21) used in this investigation.
As with seasonal effects, the magnitude of residual variation is also 
reasonably consistent which again suggests similarities in the behaviour 
pattern of kangaroos between sites.
The assessment of the relationship between faecal pellet density and 
distance from cover indicated that the simple description provided by 
equation (1) was adequate. For Eddington it is unlikely that any 
alternative model could provide a significant increase in the proportion 
of the variation explained. While the results for Barrington demonstrate 
some lack of fit, the proportion of variation explained is still high 
(> 90 per cent, Table 24). In terms of providing an interpretation of 
kangaroo usage of cleared country, little benefit would accrue from a 
search for a more fully predictive model.
The data presented represent a single study site at Eddington and 
three separate sites at Barrington. Results obtained reflect gross 
environmental differences between the two localities and within the 
Barrington environment, differing habitats for the three sample sites.
A model 2 comparison between Eddington and the combined data for 
Barrington provides a general guide to how kangaroos from these separate 
regions of the state utilize cleared habitats. As can be seen from 
Figure 43, the general trend of decreasing kangaroo density with increasing 
distance from cover (k) is similar. There is, however, a significant 
difference between the respective rates of decline (t = 2.7; df - °o;
P < 0.005). At Barrington (Figure 43b), which represents the harsher 
climatic environment, the 'ecotone effect' is less pronounced. Grey 
kangaroos make proportionately greater usage of areas farther from cover
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than is the case for the more climatically favoured country at Eddington 
(.Figure 43a). In ecological terms, this implies that where forage reserves 
for cleared country are more widely dispersed, grey kangaroos adjust to 
the environment by embracing a more dispersed usage pattern.
For Eddington and sites 1 and 2 at Barrington, this adaptation would 
appear to operate independently of actual forage availability at any one 
time. The usage gradient by kangaroos (k) remains relatively constant 
regardless of the number of kangaroos using cleared country (Figures 40, 
42a, 42b). The number of kangaroos using cleared country and forage 
availability are negatively correlated (Section 3). During the study, 
forage availability in both areas fluctuated widely. Pastures were 
influenced by a continuum of climatic factors ranging from excellent 
circumstances for pasture growth to drought. Given this array of 
environmental conditions and the relative impact of environmental extremes 
between the two areas of Queensland, a behavioural trait common to grey 
kangaroo populations in general is suggested. The distribution pattern 
for site 3 at Barrington is not, however, well described by model 2 
(Table 24c, Figure 42c). Therefore, while a tendency to common behaviour 
is supported by data from three of the four locations, deviations from 
this model must be expected.
For the sites adequately described by model 2, Eddington (k =-.3062), 
site 1 at Barrington (k = -.2543) and site 2 at Barrington (k = -.1777), 
the rate of decline in kangaroo density away from cover (k) appears to be 
directly related to pasture availability. Ground cover provided by 
grasses is highest at Eddington followed by site 1 at Barrington, with 
site 2 at Barrington exhibiting the most limited grass cover (Figure 44). 
This is reflected in the k value for each location. Where forage is less 
abundant, kangaroos adopt a usage pattern that involves dispersion over 
greater distances away from cover. As noted previously, at these three 
locations this usage pattern does not vary with pasture status. Variation 
in kangaroo dispersion could reasonably be expected because availability 
of suitable forage does vary with season. In times of abundant pasture 
growth (e.g. Figure 44), kangaroos could satisfy their food requirements 
within short distances of cover. As this does not occur, kangaroo 
dispersion appears to be related to average ground cover of grasses and not 
actual forage availability at any one time. Kangaroos may adjust to 
pasture morphology in a particular locality and adopt a usage strategy 
that strikes a balance (on average) between forage requirements and the 
need to leave the preferred wooded habitats to obtain these. If this is
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Eddington
Barrington site 1
Barrington site 2
Barrington site 3
Figure 44. Availability of pasture grasses, within each study area, 
for midsummer (Nov/Dec) 1978
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the case, it provides further evidence that grey kangaroos occupy a 
relatively small home range (Section 3). It seems likely that constancy 
in usage patterns would be the result of a single population adapted to 
its local environment.
The homogeneity in dispersion exhibited by the above three locations 
contrasts with the situation recorded for site 3 at Barrington. From 
Figure 42c it can be seen that k values vary with the proportion of the 
total population using cleared country. A description of pasture status 
associated with these changes in kangaroo distribution across cleared 
country is provided in Section 3 (Figures 35, 37, 38). For surveys 1 and 
2 representing a luxuriant growth of pasture grasses, k values were much 
higher than those recorded at any other site (-.6549 and -.4865 
respectively). At these times there was a very steep gradient in pasture 
usage. Conversely, for surveys 4, 5 and 6 which represent drought 
conditions, k values are very low (-.007, -.1523 and -.055 respectively).
At these times there was a gentle gradient indicating a very dispersed 
pattern of usage.
The differences between usage patterns for cleared country at site 3, 
Barrington and the other three locations (model 3 as opposed to model 2 
explanation) may reflect differences in the habitats involved (Figure 44). 
Site 3 was originally open woodland and with clearing resembled a natural 
grassland with almost no trees or shrubs to provide cover for animals 
entering cleared country. In contrast to this, the other locations had 
all been created by clearing open forest or woodland. These areas were of 
open woodland status but featured remnant patches of trees and scattered 
regrowth by seedling trees and shrubs. With at least some shelter 
available from woody vegetation, the cover conscious grey kangaroo would 
be more inclined to venture out into cleared country at these locations 
(Section 2). Sité 3 was also more extensive than the other two Barrington 
sites (6km2, 1 km2 and 1.5km2 respectively). In times of plenty, the 
size of site 3 and its lack of any cover may have discouraged kangaroos 
from venturing long distances from the adjacent wooded habitat.
Actual pasture availability was also much higher for site 3 (Figure 44) 
The major reason for this was the light stocking rate for the paddock prior 
to and during the time of survey. Sheep made little impact on the pasture. 
In good seasons there was an abundance of green forage. With little 
grazing by domestic stock to produce patches of short green forage, 
kangaroos would not be encouraged to move out into the open in search of 
these favoured areas (Section 3). These factors could have produced the
153
rapid decline in kangaroo usage of areas away from cover during the first 
half of the study.
With the onset of drought, the superiority of site 3 over the other 
two Barrington sites, as a source of green forage, became more pronounced. 
There was little competition from domestic stock and microrelief features 
scattered across the area maintained pockets of green forage. As noted in 
Section 3.5, kangaroos located these areas and made intensive use of them. 
Pasture reserves at the other Barrington sites were inferior and more 
evenly distributed. For Eddington, the impact of drought was far less 
dramatic and the relative status of pasture at varying distances from cover 
was uniform. The more even spread of kangaroos across cleared country at 
site 3 during drought, may indicate that the animals were sensitive to the 
distribution of better quality forage, making maximum usage of available 
resources. At the other locations, no advantage was to be gained from such 
a strategy due to the homogeneity of the local pastures.
The data suggest that grey kangaroos adopt a behavioural sequence 
suited to the cleared environment being utilized. Where the environment 
is spatially uniform and this comparative uniformity is maintained over 
time, kangaroos follow a similar usage pattern over time. Where the 
environment is not uniform in the temporal context, a range of usage 
patterns is exhibited. The size of the clearing involved and the amount 
of cover (shelter) actually present within the cleared area would also 
appear to be important, particularly in the seasonal context. Relation­
ships of this type have been intensively researched for North American 
ungulates such as deer and elk (e.g. Mûrie, 1951; Anderson, 1958;
Reynolds, 1962a, 1966, 1969b; Krefting, 1962; Pengelly, 1963, 1972;
Jul ander and Jeffrey, 1964; Pearson, 1968; Wallmo, 1969;
Me Cullock, 1969; Boyd, 1970; Basile and Jensen, 1971; Lyon, 1971, 1976; 
Harper, 1971; Ward, 1973; Garrison and Smith, 1974; Wetzel et al., 1975; 
Beall, 1976; Herskey and Leege, 1976; Marcum, 1976; Stelfox et al., 1976; 
Ffolliott et al., 1977; Davis, 1977; Lyon and Jensen, 1980) and as well 
for Asian deer (e.g. Wharton, 1968; Eisenberg and Lockhart, 1972; McKay 
and Eisenberg, 1974; Eisenberg and Seidensticker, 1976; Dinerstein, 1979, 
1980). As is the case with the grey kangaroo, these animals prefer 
wooded habitats but often rely on clearings for forage.
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Analysis of the data provides new information on the distances from 
cover that grey kangaroos are prepared to travel in search of forage. 
Previously published reports on this aspect of grey kangaroo behaviour 
state that the animal rarely ventures more than 200m from shelter 
(e.g. Frith and Calaby, 1969; Kaufmann, 1974, 1975). Results from the 
present study demonstrate that this suggested limit to movement into 
cleared (open) country is a gross underestimate. The data, however, do 
support the view that grey kangaroos are reluctant to venture far from 
shelter. This reluctance is, however, not as pronounced as has previously
been suggested. Extrapolation from the models defining distribution beyond
\
the 500m within which data were gathered is of questionable reliability 
(e.g. Figure 43, Tables 25, 26). It is clear, however, that grey kangaroos 
certainly move well away from shelter during all seasons. The first survey 
at site 3 (Barrington) is the only data set (k = -.6549) where it is 
estimated that more than half of the population is found within the first 
200m from cover (73 per cent). For the locations adhering to a model 2 
explanation (Eddington, sites 1 and 2 at Barrington) the estimated 
proportions occupying the first 200m are 46 per cent, 40 per cent and 
30 per cent respectively. The estimates appear reasonable given the 
trends evident in the data gathered and observations made in the field 
of kangaroos and the distribution of their faeces beyond the 500m sampling 
limit.
The validity of the model 3 predictions for site 3 (Barrington) is, 
however, doubtful for the periods where kangaroos were making maximum 
usage of cleared country (Figure 42c). For example, at survey 4 
(k = -.007), model 3 estimates that less than 5 per cent of the population 
is found within the first 500m from cover. At this site, the dimensions 
of the cleared area were approximately 3 km x 2 km . While faecal pellets 
were located across the entire area, pellet density was very low for the 
central portion of the site. While pellet density was reasonably uniform 
across the first 500m from cover for drought periods, a sharp decline in 
density was evident beyond this point. Further research, based on 
extensive blocks of open country and dispersed sampling across much wider 
areas than those investigated is necessary for an accurate appraisal to 
be made of the limits of grey kangaroo movement into open habitats.
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4.2 Kangaroo Usage of Wooded Country Adjadent to Cleared Land
Preliminary interpretation of the Barrington data (Section 3) 
indicated that within wooded habitats, significant differences in pellet 
density between the five distance strata (Figure 32), occurred in only 
nine of the 18 surveys (6 surveys for each of 3 sites). A summary of the 
analysis is presented in Table 17. Visual interpretation of these data 
suggested that there was no systematic pattern involved in the distribu­
tion of faecal pellets across wooded country. An additional assessment 
was made, however, of the Barrington data and data collected for the six 
surveys of partly cleared forest at Eddington (Section 3). A similar 
sequence of analysis to that used for cleared country was followed 
(Section 4.1).
The ab ility  of the four models (Table 21) to account for variation 
in the data is presented in Tables 27 and 28. From the large proportion 
of residual variation associated with the data from both study areas, it 
can be seen that most of the variation is totally unpredictable in terms 
of the explanatory models used in this investigation. The proportion 
of the explained variation attributable to distance effects (models 2, 3 
and 4) is small. The contribution of model 2 is not significant in either 
case and model 3 is only significant for Eddington. As the major portion 
of the variation explained by distance related models is due to model 4, 
the influence of distance from the wooded/cleared boundary on kangaroo 
distribution appears to be negligible.
A result where model 4 accounts for approximately 70 per cent 
(Eddington) and 87 per cent (Barrington) respectively of the variation 
explained by distance effects, suggests that features of the local survey 
sites influenced the results for individual surveys. This could be 
expected. The wooded zones surveyed at Eddington and Barrington were 
heterogeneous in structure and flori Stic composition. As demonstrated 
in Section 2, grey kangaroos use wooded areas according to the balance 
present between forage (ground cover) and shelter (lateral cover). The 
sites surveyed at both areas featured a mosaic of wooded habitats of 
varying attractiveness. This is  reflected in the results obtained. The 
data do suggest that there is no distance effect involved with grey 
kangaroo usage of wooded areas adjacent to cleared country. No 
significant, systematic pattern of usage away from cleared land into 
wooded zones was identified.
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Source SSper cent explained SS) DF MS F P
Model 1 28.53 5 5.706 19.47 <.01
(loge R = A i> (67.2)
Model 2 0 1 0
(loge R = A. + 1 bd) (0)
Model 3 4.37 5 0.874 2.98 <.05
Ooge R = A. + 1 b.d) 0 0 .3 )
Model 4 9.553 18 0.531 1.81 NS
(loge R = M • •' 
1,0')
(22.5)
Residual 80.647 275 0.293
Total 123.1 304
Table 27 Analysis of variance assessment of the adequacy 
of the four models (Table 21) in describing 
kangaroo usage of wooded country at Eddington.
Source SSCper cent explained SS) DF MS F P
Model 1 203.3 17 11.96 31.06 <.01
(loge R = Ai) (71.7)
Model 2 0.2 1 0.2 0.52 NS
Ooge R = Ai + bd) ( 0.1)
Model 3 9.9 17 0.58 1.51 NS
(loge R = Ai + b.d) ( 3.5)
Model 4 69.973 54 1.296 3.37 <.01
(loge R = M.
i . J ')
(24.7)
Residual 292.727 760 0.385
Total 576.1 849
Table 28 Analysis of variance assessment of the adequacy 
of the four models (Table 21) in describing 
kangaroo usage of wooded country at Barrington.
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4.3 Density Estimates for Cleared Country (0 - 500 m) From Sampling 
Within the Initial 0- lOQm
For cleared habitats there was a systematic decrease in faecal pellet 
density with increasing distance from cover (Section 4.1). With the 
exception of the final three surveys at site 3 (Barrington), the first 
100m from cover contained the majority of the pellets found within the 
full 500m sampled. These regular patterns in the data suggested that it 
may be possible to predict, with acceptable precision, pellet totals for 
the 500m sampled, by reference to data from the initial 100m. A strategy 
such as this would appreciably reduce the sampling effort and accordingly, 
greatly enhance the usefulness of pellet counts as a survey tool.
The usefulness of such a model was assessed through regression 
analysis. For each location, the relationship between mean pellet density 
per plot for the first 100m [loge (x + 1)] and the full 500m [ 1 oge (y + 1)] 
was examined by using the pair of observations returned by each separate 
survey (Figures 45, 46). The use of a dependent variable (y) that 
incorporates the independent variable (x) obviously favours high correlation 
coefficients. With an aim of predicting totals for 500m from the 
proportion in the first 100m, however, the result will be similar regard­
less of whether it is derived directly (y5oc/xioO^ or derlvec* from:
x 100 + ( y 1 0 0 - 5 0 0 / x 10o)
The adequacy of the prediction is a separate concern which is not 
directly related to the use of one or the other strategy.
At each location, reference to pellet density within the first 100m
can account for greater than 93 per cent of the variation in pellet density
for the full 500m (Figures 45, 46). The strength of the relationship
2
declines in a regular manner from Eddington (r = .98) to site 3,
Barrington (r = .93). An indication of the relative lack of precision 
in the data between the four locations can be gained from:
(1 - ri2) / (1 - r . 2 )
This demonstrates that the data from Eddington are 2.73 to 3.33 times more 
predictable than the corresponding Barrington data. This is one factor 
that will influence the accuracy of the regression models.
The variance associated with a value for 500m (y) predicted from a 
given value for 100m (x0) is derived from:
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r = 0.98964 
r* = 0.97938
y = 1.088441x + 0.70220882 
F = 570.0 df 1,13 P = 0.0000
gure 45. Relationship between pellet density for the full 500m
(y ) and pellet density for the first 100m (x ) at Eddington 
(cleared country).
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pellet density for the first 100m (x) at Barrington (cleared country)
16Q
where
V = Var (y/xQ)
= s2 (1 + - + l*0 - X) x 
E ( X  -  x )2
y = log N (number in 0 - 500m)
x = log number in 0-100m
p
s - mean square due to residuals (regression) 
n = number of surveys
and S.E. (y/x0) = / T
95% C .I. for y = 
95% C.I. for N =
y ± t o  ^V  ^ n-2
/ y - t 9 / V y + 1 9 V(eJ n-2y , eJ n-2
. . . ( 8)
...(9)
Substitution of a range of x values in the variance equation indicated 
that a common variance estimate could not be applied to each location 
without gross averaging. For each estimate of y, therefore, an individual 
variance needs to be calculated. Use was made of equation (9) to provide 
an indication of the precision of estimates for the full 500m (y) derived 
from regression. For each of the four locations (Figures 45, 46) observed 
minimum, maximum and mean (derived) densities for the first 100m (xQ) 
were used to obtain estimates for the full 500m (y) and the 95 per cent 
confidence interval associated with each of these estimates. As confidence 
limits on the log scale are asymmetrical, the range of the 95 per cent 
confidence interval rather than the standard method of presentation was 
used (Table 29).
For Eddington, results suggest that an approach to estimating pellet 
density for cleared country, based on sampling conducted only within the 
first 100m will provide estimates precise enough for applications where 
trends in pellet density are required (Table 29a). The minimum and 
maximum pellet densities shown in Table 29 represent extreme environmental 
conditions. It is unlikely that the range of densities or the precision 
limits presented for this location would be exceeded to any significant 
degree on future surveys.
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N
(predicted)
95% C.I. for N 95% C.I. 
per cent
low 27.75 2Q.92 - 36.8 57
mean 126.81 99.86 - 161.05 48.3 (a) Eddington
high 351.99 270.51 - 458.01 53.3
low 74.03 33.14 - 165.35 178.6
mean 283.72 146.31 - 550.2 142.4 (b) Barrington 
Site 1high 756.18 360.35 - 1586.81 162.2
low 144.77 70.82 - 295.96 155.5
mean 403.5 216.26 - 752.83 133 (c) Barrington
high 977.17 488.73 - 1953.76 149.9 Site 2
low 100.64 41.98 - 241.26 198
mean 293.99 135.39 - 638.39 171.1 (d) Barrington
high 828.79 347.85 - 1974.68 196.3 Site 3
Table 29 Estimated confidence limits (.05) for a 
range of pellet densities for the full 
500m predicted from densities within the 
first 100m (Eddington and Barrington 
cleared country).
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With the Barrington sites, however, results suggest that only gross 
trends in the data could be predicted with any confidence. The earlier 
assessment that the Eddington data were in the order of three times more 
amenable to modelling of this sort than were the Barrington data is borne 
out by Table 29. While variation in sample sizes between Eddington and 
Barrington may account for a proportion of this marked difference, the more 
variable character of pellet distribution at Barrington is the primary 
factor involved. As demonstrated by a comparison of Tables 22 and 24 
(Section 4.1), the Eddington data adhere more closely to a common 
distribution pattern (model 2) than is the case for any of the Barrington 
sites. This variation has a significant impact on the precision of the 
regression estimates.
This characteristic of the Eddington data (common k) was utilized to 
assess the probable influence of sample size within individual surveys on 
precision limits obtained for the regression model. The average total 
variance (S^) about the preferred model (model 2) may be derived from:
s2 *S 2 2= ( * 2  + a-j / n
where » I 2 = the variance due to between sample 
variation;
4 = the variance due to lack of fit of 
the preferred model ; and
n = number of samples per survey.
2 2Estimates of a -1 and a£ were obtained from Table 22 where the 
residual mean square is a-j2 and the systematic deviation from model 2 
(model 3 + model 4) provides a term for solving (Table 30):
a 2 = 0.70
a22 = 0.013
n = 18
S2 - 0.052
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Source DF SS MS E {MS )
Model (2 + 1) 14 948
Model (3 + 4) 55 5.9 0.93 o ^  + n a 22
Residual 1210 847.2 0.7 ai2
Table 30 Partitioning of variance for cleared 
country at Eddington as derived from 
Table 22 (n = 18).
Sample
Size
S2
(.052 for n = 18)
SE
(.228 for n = 18)
Per cent reducti 
in S.E.
(from n = 18)
30 .036 .19 16.7
40 .031 .176 22.8
50 .072 .164 28.1
60 .025 .158 30.7
7Q .023 .152 33.3
80 .022 .148 35.1
90 .021 .145 36.4
1QQ .02 .141 38.2
Table 31 Influence of sample size within individual 
surveys on precision of estimates at 
Eddington.
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Substitution of a range of values for n^ in equation (10) demonstratesp
that precision can be increased substantially (Table 31), despite 
remaining constant regardless of sample size [equation (10)]. The 
consequence of this for change in accuracy when predicting population 
in Q-5QQm from the population in 0-100m is rather difficult to assess 
precisely. But the improvement in accuracy of the predicted number in 
0 - 500m when ii is larger than 18 is likely to be of a similar order of 
magnitude to the change in standard errors shown in Table 31.
The research design used at Eddington was based on a sample size of 
approximately 100 observations per survey with 20 observations for, each 
of 5 strata (Section 3). Regression analysis indicated that a survey 
based on data from the first stratum (20 samples) would provide estimates 
for the full five strata (y/xQ) with a 95 per cent confidence interval 
of approximately 48-57 per cent (Table 29a). Assuming that the influence 
of sample size within an individual survey can be extrapolated from the 
dispersion situation (model 2, Table 22) to the regression model, then 
Tables 29a and 31 can be used to provide approximate estimates of sample 
sizes required to attain specific confidence limits. For example, to 
achieve a 95 per cent confidence interval of around 40 per cent (log scale 
approximation of ±20 per cent) a sample size of 50 would be necessary 
[1 - 0.28 (48 to 57)]. Such a precision level could be accomplished with 
only half the sampling effort used for the original surveys covering the 
full five strata (n - 100).
4.4 Faceai Pellet Data and the Negative Binomial Frequency Distribution
4.4.1 Introduction
The faecal pellet count technique is well established as a census 
method. This is particularly true for research of deer populations 
(Section 1). Despite the widespread acceptance of pellet counts, 
researchers have made little attempt to define appropriate methods for 
statistical analysis of pellet count data (Neff, 1968a). Most researchers 
have assumed a normal distribution for pellet data and have not attempted 
to assess the actual frequency distributions involved. Since Neff's 
comprehensive review of the pellet count technique, this situation has 
changed somewhat with several authors examining the fit of theoretical 
frequency distributions to observed pellet group frequencies.
This examination is a prerequisite to subsequent analysis, including 
(e.g. Bowden et al., 1969; Me Connell and Smith, 1970):
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1. deriving transformations to normalize the data;
2. determining in a general way the randomness or non­
randomness of individuals in the population; and
3. obtaining meaningful measures of the degree of 
aggregation as an aid to the study of factors 
influencing distribution.
Where it is desired to compare two or more data sets, comparisons 
are facilitated if the data sets have the same distribution (Freeman,
1980). Knowledge of a common frequency distribution is useful in applying 
transformations that allow valid statistical comparisons between data sets 
and in obtaining confidence intervals for population estimates (Stormer 
et al., 1977).
The negative binomial distribution is the most widely demonstrated 
and suggested for pellet count data (e.g. Bowden et al., 1969; Me Connell 
and Smith, 1970; Ryel, 1972; Stormer et ai., 1977; White and Eberhardt, 
1980). A range of other frequency distributions, however, has been 
applied to pellet group data with success (e.g. Neyman type A and Thomas', 
Bowden et al., 1969; Thomas' Double Poisson, Smith and Neff, 1965).
The majority of studies of pellet data frequency distributions have 
reached a similar conclusion to that of Smith and Neff (1965) who found 
that the frequency distributions are invariably non-random (non-Poisson). 
The Poisson distribution has, however, been demonstrated to fit pellet 
data (e.g. Petersen et al., 1956; Jul ander et al., 1963; Loveless, 1967) 
although the result in these cases may be due to the use of small plots 
(< 1 0 m 2 ) to sample low densities of pellet groups (White and Eberhardt, 
1980). In most natural populations the Poisson distribution does not 
provide an adequate fit because of the data range involved. There is a 
larger proportion of high and low magnitude numbers in the sample than 
is the case with the Poisson distribution. The negative binomial distri­
bution on the other hand seems to fit such data (e.g. Mac Fayden, 1963; 
Seber, 1973).
The negative binomial is a generalized or clustered Poisson 
distribution (Freeman, 1980) which takes the form of (White and 
Eberhardt, 1980):
Pr (X = X ) = (
k + X -  1
k- 1
m X- (k + x)
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The distribution is usually described in terms of two parameters; the 
mean, m; and the positive exponent, k. The limiting cases of the 
distribution are the logarithmic (k = 0) and Poisson (k = °°) distributions. 
Where k = 1, the distribution takes the geometric form (Freeman, 1980).
The parameter k is a measure of contagion. As the clumping of pellets 
increases k 0, and as the pellet data approach a random distribution, 
k » (White and Eberhardt, 1980). In practical terms, values for k of 
eight and over are usually taken as indicating that the distribution is 
approaching a random (Poisson) distribution (e.g. Southwood, 1966;
Me Connell and Smith, 1970).
4.4.2 Grey kangaroo pellet data
It has been demonstrated empirically that the negative binomial 
distribution adequately models pellet group data for deer. The information 
gathered on seasonal movement patterns of the grey kangaroo (Section 3) 
was therefore examined to assess whether the negative binomial distribution 
provided an adequate description of faecal pellet data (individual pellet 
totals) for grey kangaroos. A summary of the four data sets used 
(Section 3.3.1) is presented in Table 32.
The data from each habitat type for each survey site were treated 
as a single data set (Table 32) as this represented the most common survey 
design for faecal pellet counts. It had been established, however, that 
for cleared country faecal pellet density declined in a regular manner 
away from forest/cleared interfaces (Sections 3.4.1, 4.1). A more 
appropriate method for cleared country, therefore, may have been to 
adjust for these known, systematic variations in pellet density. Two 
options were considered:
1. treat each data set as five separate strata representing 
100m sections of cleared country away from the forest edge 
(Section 3.3.1, Figure 32); or
2. sum all plots along each 500m long transect to produce a 
single cluster plot per transect.
Both the options, however, would be associated with small sample sizes 
U  20 observations per data set for Eddington; < 30 observations per data 
set for Barrington). This would restrict the usefulness of the data for 
modelling purposes.
As the data were gathered on single 10 m2 plots, the analyses could 
also have been based on these primary sampling units. The various
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alternatives to the design outlined in Table 32 were not pursued as part 
of this dissertation. Rather, it was assumed that the data chosen would 
provide a general guide to the usefulness of the negative binomial 
distribution in characterizing the faecal pellet data of kangaroos 
(.statistical analyses) and in providing a guide to kangaroo dispersion 
for specific habitats (ecological analyses).
The fit of data to any distribution model can vary depending on the 
size of the sampling unit. Results obtained, therefore, relate only to 
the plot size used which in the present case represented clusters of 10 m2 
plots (Table 32). White and Eberhardt (1980) suggest that treating cluster 
plots as a negative binomial variable is a valid approach and one that 
offers advantages over small single plots. Cluster plots are associated 
with large means and their use often eliminates data sets that cannot be 
distinguished from a Poisson distribution. However, the relevance of 
this to the present data is perhaps questionable as the number of observa­
tions (pellets) per plot is much higher than is the case with pellet group 
data from deer.
The initial step taken in data analysis was to derive variance ($ ) 
to mean (x) ratios for each data set. If the data are randomly distributed 
and the likelihood of occurrence of pellets on sample plots is small 
(x = s*-), a Poisson distribution is suggested (e.g. Stornier et al., 1977). 
Departures from a Poisson distribution were tested using the following 
procedure (e.g. Bliss and Fisher, 1953; Grieg-Smith, 1964; Bergerud, 1968):
2
$  - -S .)—  df = Number of plots -1
x
o
The X  test is not an exact procedure for assessing the fit of data to 
the Poisson distribution, and results may depend on quadrat (plot) size 
(e.g. Grieg-Smith, 1964; Pielou, 1977; Kershaw, 1973). In each case with 
the present data, however, the means were larger than five and the sample 
sizes were larger than 15. It is unlikely, therefore, that misleading 
results were obtained (Tanner, 1978).
Each data set exhibited a highly significant departure from a random 
distribution (P < 0.005). As all the variance to mean ratios were greater 
than one, a contagious discrete distribution was suggested (e.g. Bowden 
et ai., 1969). In similar situations in deer research, pellet data have 
been adequately described by the negative binomial distribution (e.g. 
Bowden et al., 1969; Me Connell and Smith, 1970; Ryel, 1972; Stormer et 
a l ., 1977).
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The data were therefore fitted to the negative binomial distribution. 
The approach used was based on the methodology and FORTRAN programme 
developed by White and Eberhardt (1980) (Figure 47). This provided a 
sequence of four models for comparing separate populations:
1. fit each data set separately (assumes different m and k 
for each);
2. fit all data sets (assumes constant k and different ms);
3. fit all data sets (assumes constant m and different ks); and
4. fit all data sets (assumes constant m and k for all).
The FORTRAN programme was modified to run on the PDP-10, KL system 
(Prentice Computer Centre, University of Queensland) and to suit the data 
sets involved. The present data (individual pellet totals) involved a 
far greater range of observed values than occurs with pellet counts for 
deer (.pellet group totals). Tail frequencies were not pooled, therefore, 
until the expected value was below 0.1 (1.0 original programme). Without 
this modification, the pooled tail frequencies contained the bulk of the 
observations for most of the data sets. The X goodness of fit tests were 
modified to group the data on the basis of expected frequencies of five or 
greater. The adjustment maximized the degrees of freedom available for 
significance testing while maintaining the statistical requirements of the 
X  test. All modifications were evaluated against the original data and 
results of White and Eberhardt (1980) to ensure that the new version of 
the programme returned equivalent results to those of the original version.
In Section 3 it was established that mean pellet densities between 
data sets (surveys) were significantly different (Section 3.4.1 and 
Table 15). The model 3 (common m, separate ks) and model 4 (common m 
and k) analyses were discarded. The programme was used, therefore, to 
assess whether individual data sets were adequately described by the 
negative binomial distribution (model 1) and if this was the case whether 
each survey series was described by a common dispersion parameter 
(model 2).
4.4.3 Results
Eddington cleared country
Results for the model 1 analysis (all populations different) of the 
14 data sets for cleared country at Eddington are summarized in Table 33 
and Figure 48. With the exception of one survey date (May, 1979), all 
data sets are adequately described (P > 0.05) by the negative binomial
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Figure 47. The testing procedure (White and Eberhardt, 1980) 
for faecal pellet count data from grey kangaroos.
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Survey Mean
(p e lle ts  per p lot)
Var (Mean) k-Hat Var (k-Hat) 2 P (X goodness
Nov 1977 26.6 5.917 2.155 0.169 0.539
Feb 1978 14.9 3.241 1.236 0.06 0.325
Apr 1978 6.5 0.807 0.728 0.02 0.344
Jun 1978 28.65 6.458 1.682 0.072 0.668
Jul 1978 20.96 4.576 1.006 0.022 0.607
Sep 1978 41.78 7.745 2.382 0.116 0.051
Nov 1978 17.9 1.927 1.833 0.085 0.199
Jan 1979 20.16 3.054 1.425 0.046 0.86
Mar 1979 35.31 10.04 1.288 0.033 0.521
May 1979 66.79 22.34 2.058 0.083 0.048
Jul 1979 70.94 42.49 1.205 0.027 0.542
Aug 1979 74.45 13.37 4.389 0.406 0.346
Oct 1979 46.6 10.57 2.149 0.094 0.561
Dec 1979 11.6 1.946 0.736 0.031 0.077
Table 33 Model 1 estimates fo r grey kangaroo faecal pe lle t counts 
in cleared country at Eddington.
Survey Mean
(p e lle ts  per p lot)
Var (Meai
Nov 1977 26.6 8.226
Feb 1978 14.9 2.69
Apr 1978 6.5 0.43
Jun 1978 28.65 7.13
Jul 1978 20.96 3.109
Sep 1978 41.78 11.94
Nov 1978 17.9 2.294
Jan 1979 20.16 2.884
Mar 1979 35.31 8.582
May 1979 66.79 30.11
Jul 1979 70.94 33.92
Aug 1979 45.45 37.33
Oct 1979 46.6 14.8
Dec 1979 11.6 1.004
k-Hat Var (k-Hat)
(X
P
goodness of f i t )
1.515 0.004 <0.0000
Table 34 Model 2 estimate (common k, separate m values) for grey 
kangaroo faecal pe lle t counts in cleared country at 
Eddington.
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Figure 48. Expected and observed negative binomial frequencies (model 1) for 
grey kangaroo faecal pellet counts in cleared country at Eddington, 
(data grouped into equal intervals of five ; tail frequencies pooled 
when expected frequency falls below 0 . 1)
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distribution (Table 33). Given the large sample sizes of the data and 
for the goodness of fit tests and the range of observed pellet totals per 
plot (Table 32), the close agreements exhibited with the expected distri­
butions provide strong evidence that grey kangaroo pellet data follow the 
negative binomial distribution. At the five per cent level, a lack of fit 
in one from 14 cases could be expected if the null hypothesis (no 
significant differences) is true (Stornier et ai., 1977). The visual 
representation of the agreement between observed and expected frequencies 
(Figure 48) supports the case that the data adhere to the negative 
binomial distribution. In the diagram, the histograms are arranged in 
equal intervals of five rather than the pooled, expected frequencies of 
five as used in the goodness of fit tests. A close approximation of the 
data assessed statistically is, however, presented.
The model 2 analysis (common k, separate m values) demonstrates that 
a common k is not appropriate to these data (Table 34). The range of k 
values (Table 33) is so large that use of a common k cannot be justified 
in statistical terms (P < 0.0000).
Barrington cleared country
The model 1 analysis (all populations different) of the six data sets 
for cleared country at Barrington indicates that with the exception of the 
December, 1978 survey, the negative binomial distribution provides an 
adequate description of the data (Table 35). From Figure 49, it can be 
deduced that in each case (including December, 1978) there is a close 
agreement between the observed and the expected negative binomial 
frequencies.
The model 2 analysis (common k, separate m values) demonstrates that 
a common k is not appropriate to these data (Table 36).
Eddington partly cleared forest
The model 1 analysis (all populations different) of the six data sets 
for partly cleared forest at Eddington indicates that in each survey the 
negative binomial distribution provides an adequate description of the 
data (Table 37, Figure 50). For these data, model 2 (common k, separate 
m values) also provides an adequate fit (Table 38).
Barrington wooded country
As was the case with the other surveys and habitats, the model 1 
analysis (all populations different) suggests that the negative binomial
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Survey Mean(pellets per plot)
Var (Mean) k-Hat Var (k-Hat) 2 P (X goodness
Sep 1978 47.84 11.84 1.422 0.03 0.092
Dec 1978 22.87 2.662 1.44 0.033 0.049
Feb 1979 48.83 8.09 2.048 0.054 0.255
Apr 1979 63.02 10.16*" 2.719 0.098 0.949
Jul 1979 195.5 51.53 5.073 0.342 0.59
Nov 1979 147.8 38.76 3.853 0.194 0.343
Table 35 Model 1 estimates for grey kangaroo faecal pellet counts in 
cleared country at Barrington.
Survey Mean
(pellets per plot)
Var (Mean) k-Hat Var (k-Hat) 2 P(X goodness of f it )
Sep 1978 47.84 7.249
Dec 1978 22.87 1.689
Feb 1979 48.83 7.073 2.356 0.014 <0.0000
Apr 1979 63.02 11.66
Jul 1979 195.5 109.4
Nov 1979 147.8 62.77
Table 36 Model 2 estimate (common 
faecal pellet counts in
k, separate m values) for grey kangaroo 
cleared country at Barrington.
Survey Mean
(pellets per plot)
Var (Mean) k-Hat Var (k-Hat) 2 P
(X goodness of f it )
Nov 1977 27.88 6.483 2.624 0.303 0.919
Feb 1978 30.48 5.075 4.161 0.899 0.861
Apr 1978 30.62 3.958 5.011 1.176 0.48
Jun 1978 39.6 9.421 v3.635 0.609 0.449
Sep 1978 52.22 13.21 4.485 0.926 0.617
Jan 1979 61.78 17.77 4.618 0.939 0.438
Table 37 Model 1 estimates for grey kangaroo faecal pellet counts in 
partly cleared forest at Eddington.
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Survey Mean Var (Mean) k-Hat Var (k-Hat) o P
(X^ goodness of f it )(pellets per plot)
Nov 1977 27.88 4.499
Feb 1978 30.48 5.32
Apr 1978 30.62 4.878 3.945 0.121 0.624
Jun 1978 39.6 8.743
Sep 1978 52.22 14.87
Jan 1979 61.78 20.59
Table 38 Model 2 estimate (common k, separate m values) for grey kangaroo
faecal pellet counts in partly cleared forest at Eddington.
Survey Mean
(pellets per plot)
Var (Mean) k-Hat Var (k-Hat) 2 P (X goodne:
Sep 1978 82.0 15.08 4.716 0.469 0.906
Dec 1978 78.05 13.17 3.212 0.141 0.159.
Feb 1979 55.0 5.978 3.594 0.183 0.3
Apr 1979 30.33 3.395 1.92 0.053 0.627
Jul 1979 35.14 4.244 2.053 0.059 0.758
Nov 1979 30.1 1.954 3.445 0.199 0.283
Table 39 Model 1 estimates for grey kangaroo faecal pellet counts in 
wooded country at Barrington.
Survey Mean
(pellets per plot)
Var (Mean) k-Hat Var (k-Hat) P
(X2 goodness of f it )
Sep 1978 82.0 24.48
Dec 1978 78.05 14.81
Feb 1979 55.0 7.462 2.842 0.021 0.016
Apr 1979 30.33 2.359
Jul 1979 35.14 3.13
Nov 1979 30.1 2.326
Table 40 Model 2 estimate (common k, separate m values) for grey kangaroo 
faecal pellet counts in wooded country at Barrington.
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Figure 49. Expected and observed negative binomial frequencies (model 1 ) for 
grey kangaroo faecal pellet counts in cleared country at Barrington
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Expected and observed negative binomial frequencies (model 1) for 
grey kangaroo faecal pellet counts in partly cleared forest at Eddington.
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Figure 51. Expected and observed negative binomial frequencies (model 1) for 
grey kangaroo faecal pellet counts in wooded country at Barrington.
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is an appropriate frequency distribution for the data from wooded country 
at Barrington (Table 39, Figure 51). The model 2 analysis (common k, 
separate m values) indicates that a common k does not apply (Table 40).
4.4.4 Discussion
The results demonstrate (model 1 analysis) that the negative binomial 
distribution provides an adequate description of grey kangaroo faecal 
pellet data (given the survey designs used; Table 32) from different sites 
and habitats (Tables 33, 35, 37, 39; Figures 48, 49, 50, 51). It is also 
clear, however (model 2 analysis) that the distribution patterns of pellets 
vary markedly within habitats over time (Tables 34, 36, 40; Figures 48, 49, 
51). In only one survey series (partly cleared forest at Eddington) was 
a common k appropriate (Table 38; Figure 50). As a major aim of this 
dissertation was to analyse data from habitats other than partly cleared 
forest (i.e. cleared country), the existence of dissimilar frequency 
distributions (significantly different k values) indicates that substantial 
problems exist in analysing these data.
Although the data appear to adhere to the negative binomial distribu­
tion, in three of the four data sets there is no appropriate statistical 
procedure which will allow the data to be 'normalized' for the purpose of 
comparing surveys. Precise comparisons between density estimates for 
separate surveys which adhere to the negative binomial distribution are 
not possible without a common k (e.g. Anscombe, 1948, 1949; Bliss and 
Owen, 1958; Me Connell and Smith, 1970; Ryel, 1971; Stormer et al., 1977).
To compare differences in pellet density between the surveys, therefore, 
two approximations may be used (accepting that means are not constant):
1. rely on the properties of the central limits theorem
(i.e. given large sample sizes the data will approximate 
the normal distribution); or
Z. assume a common k (as derived from model 2) even if this 
cannot be validated statistically.
The former strategy was used in Section 3.4.1 for assessing 
differences in the usage of cleared country for consecutive surveys at 
Eddington and Barrington (Table 15). Similar results were also returned 
for log transformed data. Use of strategy (2) for cleared country at 
Eddington (Table 34) provided identical results. There were significant 
differences in pellet density (P 0.05) for the same ten pairs of
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observations (refer Table 15, Section 3.4.1). The agreement between the 
two 'approximations' (and the log transformed approach) suggests that 
serious bias is unlikely to occur through use of either method. It needs 
to be noted, however, that neither procedure provides a statistically 
sound method of comparing these data.
An ecological interpretation of the results establishes that grey 
kangaroo faecal pellets (from these surveys) follow a contagious dispersion 
(model 1). Furthermore, for cleared country (Eddington and Barrington) and 
wooded country at Barrington, the dispersion pattern changes with time 
(model 2).
"Contagious dispersions arise when animals tend to cluster, either 
because they are innately gregarious or because important components of 
the habitat have a patchy distribution." (Caughley, 1964a:239). The 
gregarious behaviour of grey kangaroos is well established (e.g. Poole 
and Pilton, 1964; Caughley, 1964b; Kirkpatrick, 1966; Grant, 1973; Fox, 
1974; Kaufmann, 1974, 1975; Taylor, 1980; Coulson, 1981). A logical 
consequence of this behavioural trait may be for faecal pellets to be 
distributed in a similar (clumped) pattern. Caughley (1964a), however, 
found that grey kangaroo faecal pellets are usually randomly dispersed in 
any one plant association although the animals are contagiously distributed 
The results of his study were based on the frequency of plots (3m2) per 
group of five containing faeces less than four and one half months old.
The data, therefore, were less sensitive to variation in pellet density 
and not directly comparable with the data used in the present study.
All data sets gathered at Eddington and Barrington confirm that the 
distribution of grey kangaroo pellets is not random.
The variations in the parameter k associated with the data appear 
to be related to changes in components of the habitat (refer Caughley's 
statement above). In Section 3.5 and Section 4.1.4, it was established 
that the distribution and abundance of forage at both Eddington and 
Barrington varied on a seasonal basis. For cleared country (Tables 33 
and 35) there is a general relationship (positive correlation) between 
values for the negative binomial parameters m and k. A plot of the two 
parameters from each survey at both study areas is presented in Figure 52.
A significant correlation is evident for both sets of data (P < 0.05).
The Barrington data, however, should be treated with some caution as the 
pellet densities are not directly comparable (Section 3.3.1).
The statistical analysis does not necessarily give any direct 
indication as to why k increases as m increases. The relationship may
182
(a)
Eddington 
cleared country
Figure 52.
Relationship between the negative binomial parameters m and k for 
the surveys of cleared country at Eddington and Barrington.
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suggest, however, that when usage of cleared country is low (low values 
for m) the dispersion of kangaroo faecal pellets becomes more clumped 
(k -* 0). Low usage of cleared country corresponds with periods of 
abundant pasture (Section 3). In terms of the negative binomial results, 
the response of kangaroos to these favourable conditions may take two 
forms :
1. with abundant forage, kangaroos do not need to search for 
suitable forage and the dispersion pattern of faeces 
complies with the tendency of grey kangaroos to feed in 
groups; or
2. when forage is abundant, kangaroos often seek out areas 
previously grazed by domestic stock (Section 3.5) and the 
dispersion of faeces mirrors the patchy distribution of 
such sites.
For Eddington and Barrington, both explanations appear to contribute to 
the dispersion pattern identified depending on the growth stage of the 
pastures. Observations of feeding kangaroos (Section 1.4.2, Section 2.3) 
confirm that during cycles of abundant forage kangaroos feed for longer 
periods of time at specific locations. This results in localized concen­
trations of faecal pellets as suggested by the negative binomial analysis 
(Figure 52).
As pasture status declines (Tables 33, 35; Figure 52), kangaroos 
make progressively heavier use of cleared country (high values for m) and 
the dispersion of faecal pellets becomes more random (k -*•<»). At these 
times kangaroos adopt a more dispersed distribution as they seek out 
attractive forage. The animals move more frequently while feeding and 
feed across more extensive areas than is the case in times of abundant 
forage. This results in a more random dispersion of faecal pellets.
The findings support the conclusion of Tanner (1978) that density 
and dispersion need to be studied together. Dispersion may be viewed as 
small scale variation in density. In the case of the present data for 
cleared country, the response of grey kangaroos to seasonal conditions 
results in dissimilar frequency distributions (albeit, negative binomial 
distributions) with changing availability of forage (model 2; Tables 34 
and 36). The sensitivity of grey kangaroos to environmental status 
(Section 3.5, Section 4.1.4) precludes the use of a common dispersion 
parameter (k) for faecal pellet data from this animal in cleared country.
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In contrast to cleared country, the data from high cover habitats 
(partly cleared forest at Eddington, wooded country at Barrington) do not 
exhibit clearcut relationships between the negative binomial parameters m 
and k (Tables 37, 39). These data are more conducive to a common k 
(Tables 38, 40). The surveys for partly cleared forest at Eddington 
(Table 38), however, are the only data where use of a common k parameter 
is statistically valid (P > 0.05).
With both data sets there does appear to be a positive correlation 
between values for m and k although in neither case is this relationship 
statistically significant (Figure 53). Given that the Barrington data 
do not represent precise (constant) intervals of time (Section 3.3.1), 
the relationship between results obtained for these surveys and those for 
cleared country may be explained in terms of the habitat preferences of 
the grey kangaroo. The findings presented in the foregoing (Sections 2 
and 3) demonstrate that grey kangaroos prefer wooded areas to cleared 
country although this preference is reliant upon the availability of 
suitable forage within wooded country. Usage of wooded country is the 
inverse of that for cleared country (Section 3). That is, high usage of 
cleared country is associated with low usage of adjacent wooded country 
and vice versa.
If a positive correlation is accepted between the parameters m and 
k (Figure 53), the following interpretation may be considered. When 
availability of forage is high within wooded areas kangaroo density (m) 
is also high and the dispersion pattern tends to be more random (k °°) 
than is the case when few animals are using the habitat. Unlike cleared 
country, however, this dispersion pattern results from a preference for 
wooded habitats. The more random dispersion is not a result of kangaroos 
searching for suitable forage as occurs when kangaroos are making heavy 
usage of cleared country. It is an outcome of more dispersed usage of a 
preferred habitat. This is essentially the conclusion reached by 
Caughley (1964a) for comparable habitats.
When forage availability is low and a high proportion of the population 
is feeding in cleared country, the dispersion of faeces in wooded habitats 
is more clumped (k -► 0). In this case the more patchy distribution (lower 
values for k) probably reflects resting areas (Section 2.6) and concentra­
tion of kangaroos around sites where forage is still available. Forage 
availability is lower in wooded zones than in cleared country (Section 3.5) 
and in times of drought kangaroos feeding in wooded areas must rely on 
isolated patches of remaining forage.
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Figure 53.
Relationship between the negative binomial parameters m and k for 
the surveys of wooded country at Eddington and Barrington.
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If a positive correlation is not accepted between the parameters m 
and k (Figure 53) an alternative Cor additional) interpretation must be 
sought. For partly cleared forest at Eddington, this conclusion appears 
to be valid as a common k can be demonstrated for these data (Table 38).
This particular area featured dense shelter and a moderate pasture cover 
(Figure 15b) and proved highly attractive to grey kangaroos in all 
seasonal conditions (Sections 2.5.1, 2.6; Tables 7, 8). As the values for 
k tend to be consistently high for this site (Table 37) compared with the 
other sites (Tables 33, 35, 39), the results suggest that the more 
dispersed usage pattern for partly cleared forest at Eddington is an 
indication of the suitability (and preferred status) of this habitat for 
grey kangaroos.
A similar interpretation could be put forward for wooded country at 
Barrington (Figure 53) although availability of forage was much lower than 
at Eddington (partly cleared forest). The trend of lower k values (Table 39) 
may reflect this situation. It is worth noting, however, that while a 
common k (Table 40) is not accepted at the standard five per cent 
confidence limit, the null hypothesis (no significant variation in k) is 
accepted at the one per cent level.
As with cleared habitats, interpretation of the negative binomial 
parameters for the surveys of wooded country may provide insights into 
the habitat preferences and habitat usage patterns of grey kangaroos. The 
interpretation also provides guidelines for appropriate statistical 
analysis of the data. With wooded habitats the range of k values is much 
lower than for cleared country. The preference of grey kangaroos for 
habitats of this type appears to have a significant influence on 
dispersion regardless of season. Data from wooded habitats are therefore 
more amenable to statistical analyses (based on a common k) than those from 
cleared country.
As stated previously, it may not be valid to infer ecological 
relationships from apparent relationships between the negative binomial 
parameters m and k. As the data show that for a given increase in m 
(Figures 52, 53) the value of k increases by a roughly constant amount 
(within and between sites), the correlation may be due to statistical 
relationships alone. The assessment of non-randomness is closely related 
to the scale of measurement. Although plot size was held constant within 
each series of surveys, changes in pellet density may have modified the 
scale of analysis. If group size of kangaroos remains relatively constant 
regardless of season, changes in kangaroo density for an area will be
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associated with changes in the dispersion pattern of pellets. The changes 
in 'contagion of pellets' may have little to do with behaviour of 
kangaroos. They may be related solely to animal density not distribution. 
The agreement between the interpretations placed on the m/k trends and 
observation of the distribution of grey kangaroos, however, suggests that 
the explanations presented provide a logical assessment of the usage 
kangaroos make of specific habitats over time.
SECTION 5
AERIAL SURVEY OF GREY KANGAROO DENSITY AND DISTRIBUTION
188
5.1 Introduction
Light aircraft are routinely used for wildlife census and survey 
providing data on animal locations, density, distribution (Pennycuick, 
1969) and the habitats utilized (Jarman, 1979). Aircraft can cover large 
tracts of country quickly and economically while returning reliable and 
consistent results (Norton-Griffiths, 1975a). The method overcomes many 
of the problems associated with monitoring mobile, widely dispersed wild­
life populations and is recognized by some (e.g. Caughley, 1977) as the 
only practical method for estimating the numbers of large animals within 
large areas. In the Australian context, Caughley et al. (1977) and 
Caughley and Grigg (1981) have demonstrated the validity and aptness of 
the technique for kangaroo surveys on a regional or state-wide basis.
Aerial survey was developed as a research tool for wildlife studies 
in North America during the 1940s and early 1950s (e.g. Clarke, 1940; 
Sangstad, 1942; Olsen, 1944; Hunter, 1945; Morse, 1946; Aldous and 
Krefting, 1946; Taylor, 1947; Riordan, 1948; Sumner, 1948; Trippensee, 
1948; Crissey, 1949; Fuller, 1950, 1953; Buechner et al., 1951; Edwards, 
1952; Petrides, 1953; Sanderson, 1953; Doan and Douglas, 1953; Edwards, 
1954; Gilmore and Ewing, 1954; de Vos and Armstrong, 1954; Banfield et 
al., 1955; Bowman, 1955). The technique is also widely used in Africa 
after being introduced in the late 1950s (e.g. Talbot, 1956; Pearsall, 
1957; Longhurst, 1957; Buechner, 1957, 1958; Swynnerton, 1958; Zaphiro, 
1959; Grzimek and Grzimek, 1960a, b; Darling, 1960; Zaphiro and Talbot, 
1961; Talbot and Talbot, 1961; Stewart and Talbot, 1962). In Australia, 
aerial survey was first used in studies of red kangaroo density (Frith, 
1964; Newsome, 1965a) no doubt because the environments occupied by the 
red kangaroo are ideal for aerial census work.
Use of aerial survey has expanded greatly since its first use in 
wildlife applications and has witnessed a gradual recognition of the 
problems inherent in the method and development of a sound base of 
strategies for overcoming, minimizing or standardizing these. Comprehen­
sive summaries of the technique have been presented by Swank et ai. (1969) 
and Norton-Griffiths (1975a).
5.2 Design of Aerial Surveys (General Considerations)
5.2.1 Sample or complete census
Aerial survey can be utilized to provide a total count or a sample 
census of the particular area of interest. Size and topography of the 
area involved, quality of available maps and density and distribution of
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the animal or animals being surveyed will determine the appropriateness 
of the strategy selected.
Complete censuses have been widely used. This is particularly true 
for Africa where it has been claimed that the herding behaviour of many 
of the large herbivores allows, or necessitates (Pennycuick, 1969), 
accurate monitoring of complete populations (even) in the absence of good 
maps or easily navigated terrain (e.g. Grzimek and Grzimek, 1960; Darling, 
1960; Talbot and Stewart, 1964; Buss and Savidge, 1966; Goddard, 1967; 
Eltringham, 1977; Edroma, 1981). Complete counts have also been attempted 
in North America for species such as elk (Buechner et ai., 1951), moose 
(Bowman, 1955) and deer (Gilbert and Grieb, 1957).
In most cases a sample rather than a complete census is the logical 
course of action to follow. While it is undoubtedly true that "...total 
or complete counts are desirable since they are not plagued with sampling 
error" (Bergerud, 1968:11), when applied to aerial survey this strategy 
has serious drawbacks. Norton-Griffiths (1973) points out that complete 
counts are often prohibitively expensive, involve a large time input, and 
provide little scope for measurement of error. The accuracy of navigation 
required to ensure that the count is indeed complete is a further factor 
against this type of survey (e.g. Bell et a i . f 1973; Bell and Grimsdell, 
1973). With varied and highly individual methods used in total aerial 
counts, variable error must be expected (Pennycuick, 1969). Sample counts 
on the other hand, can be carried out under more exactly defined conditions 
(Pennycuick, 1969), reduce flying time, permit observers to considerably 
reduce error and ultimately produce more accurate results (Graham and 
Bell, 1969). As aerial surveys invariably underestimate animal numbers 
(see following), the value of total counts (complete censuses) is further 
undermined.
5.2.2 The counting unit
Figure 54 outlines the basic choices available in conducting an aerial 
census. For a complete count it may be possible for the aircraft to follow 
a random search pattern, with no previous stratification of the search zone 
into discrete units, if a single large herd is known to occupy the region. 
In most cases, however, the survey area is divided into units that are 
searched individually. These may be a series of transects crossing the 
entire area, quadrats or blocks (Figure 54).
Continuous belt transects are the most widely used for both total
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Figure 54. Basic choices for obtaining coverage of the survey zone.
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counts Ce.g. Buechner e t  a l . ,  1951; Bowman, 1955; Gilbert and Grieb, 1957; 
Darling, 1960; Lamprey, 1964; Watson and Turner, 1965; Lovaas e t  a l . ,
1966; Buss and Savidge, 1966; Field, 1971; Eltringham, 1977; Edroma, 1981; 
Low et a l . ,  1981) and sample censuses (e.g. Fuller, 1950; Petrides, 1953; 
Banfield et a l . ,  1955; Schultz and Muncy, 1957; Bergerud, 1963; Watson et  
a i . ,  1967; Bell et a l . ,  1973; Kahurananga, 1981). Even where blocks are 
searched transects are usually the method utilized within each unit (e.g. 
Grzimek and Grzimek, 1960; Buechner et a l . ,  1963; Turner and Watson, 1964; 
Talbot and Stewart, 1964; Watson et a l ., 1967). A variation of the 
continuous transect is to survey systematically spaced sections along a
'v
fixed flight line (e.g. Frith, 1964; Newsome, 1965; Norton-Griffiths, 1973, 
1975b; Caughley et a l . ,  1977, 1979; Caughley and Grigg, 1981). This 
latter design approaches quadrat sampling (e.g. Siniff and Skoog, 1964; 
Evans e t  a l . , 1966).
Choice of the most suitable sampling frame is a "complex trade-off 
between maximum safety, conditions of visibility while minimizing time 
spent between units, navigation problems, observer and pilot fatigue and 
variability between unit counts" (Caughley, 1977a:606). In many respects, 
similar considerations apply to complete counts as well.
Available evidence strongly supports the use of transects as the 
sampling medium. This method provides the most efficient use of survey 
time minimizing 'dead time' in flying from one sampling unit to the next 
(Watson e t a i . ,  1967; Norton-Griffiths, 1975a). The point is illustrated 
by Table 41, although it should be noted that a significant proportion of 
any survey will be dead time (e.g. Caughley and Grigg, 1981). Transects 
also reduce navigation and orientation errors to a minimum (Bell et a l . ,  
1973). In most cases transects will return more precise population 
estimates as the clumping, typical of most wildlife populations tends to 
be evened out across transects. Although stratified random sampling may 
overcome the problem (Siniff and Skoog, 1964), quadrat sampling is likely 
to emphasize the patchiness of the distribution and generally requires a 
larger sampling fraction to return precision comparable with transects. 
Transects also minimize observer and pilot fatigue as there is less 
banking and turning required.
Possible disadvantages of transects include the variations in habitat 
likely to be encountered along a transect and the limited time available 
for sighting animals. Both may lead to inaccurate counts (Siniff and 
Skoog, 1964). As quadrats and sections can be more carefully searched by
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criss-crossing and circling, it is generally accepted that counts from 
these are more accurate than transect counts where each strip is monitored 
by a single overpass (e.g. Siniff and Skoog, 1964; Evans et ai., 1966;
Laws et al., 1975). However, as greater rather than complete accuracy is 
the result (see following), this difference is not necessarily of great 
importance when a population index is the aim of the survey (Caughley, 
1977b). As well, there has been little quantitative evaluation of the 
differences in accuracy between quadrat and transect counts. Norton- 
Griffiths (1975a) notes that one of the few studies where a comparison has 
been made, compared quadrats of 1 sq mi (2.56 ha) with transects 400m wide 
As is pointed out, use of such a wide transect was completely inappropriate 
A comparison by Norton-Griffiths (1975b) indicated no difference in 
population estimates returned by transects and quadrats.
Another aspect of this choice that is worthy of consideration is the 
size of the sampling unit. In this context the dimensions of the quadrat 
or width of the transect are taken into account. It is logical that 
smaller units will be easier to count accurately than larger ones. With 
a search strategy that involves circling and criss-crossing, the standard 
procedure for quadrats, animal movement out of or into the quadrat can 
become a serious problem. There is also little guarantee that animals are 
not recounted or omitted. As quadrat size becomes smaller, and in theory 
more accurate, this 'boundary effect' becomes more pronounced. Despite 
claims that intensive searching of small quadrats can reduce visibility 
bias to negligible levels (Evans et al., 1966), the above consideration, 
along with the practicalities of navigation and defining block boundaries, 
precludes the use of very small quadrats for which truly accurate counts 
could be claimed. With transects, where strip width is searched only 
once with minimal disturbance to the target, a much smaller area (strip 
width) can be utilized. Presumably, judicious choice of strip width can 
compensate for any advantage quadrats may have with regard to accuracy 
of counts. An exception would be in rough terrain (Pennycuick, 1969) or 
in situations where prolonged circling is required to make cryptic animals 
reveal themselves (Laws et al., 1975).
A major concern in aerial survey is accuracy of estimates of the 
ground area searched. When this aspect of survey design is taken into 
account it becomes more difficult to justify the use of quadrats and 
restricts the use of blocks to tracts of country with well defined 
natural or man-made boundaries. Flying transects of fixed width allows 
for simple computation of the area searched, provided that the start and
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end point can be mapped and flight procedures standardized or logged in 
such a way that variations can be adjusted for at a later date. The 
simplicity of transects in this regard cannot be matched by other 
sampling frames. With quadrats, individual units must be located and 
their boundaries defined in what is often near featureless terrain.
Evans et al. (1966) for example, located and defined quadrats of 1 sq mi 
(2.56 ha) through reference to a compass, aircraft speed and a clock. In 
such a case high levels of accuracy are unlikely.
5.2.3 Sampling
Although examples can be found of subjectively allocated samples 
(e.g. Bailey, 1971) sampling is usually systematic or random with choice 
of one or a combination of the two dependent upon the circumstances under 
which the survey is conducted, the specific goal of the survey and 
statistical considerations. In the African situation, Norton-Griffiths 
(1975a) states that density and distribution of animals together with 
poor maps and lack of readily identified landmarks, favours the use of a 
systematic sample design. Random sampling is more dependent on accurate 
location of specific points in the environment than systematic and in 
many cases such accuracy cannot be assured. Random sampling also 
provides the lowest coverage per unit of flying time and the position 
of transects may lead to aircraft noise along one unit influencing the 
count on the next (Caughley, 1977b). When the primary or an additional 
aim of the survey is to map distribution of the target species, systematic 
sampling is advised (Norton-Griffiths, 1975a; Caughley, 1977a). In terms 
of operational efficiency and simplicity, systematic sampling is the most 
suitable option.
However, the method has the disadvantage that there is no specific 
formula for estimating survey variance. While this aspect of systematic 
sampling has been viewed as a serious shortcoming by some users of aerial 
survey (e.g. Newsome, 1965), the view is not universal. As long as 
placement of sampling units is not deliberately biased, Caughley (1977b) 
suggests that no serious violations of randomness are likely. A random 
element can be introduced to a systematic design to choosing a random 
starting point.
Both strategies are well represented in the literature with many 
examples of rather complex combinations of the two. A further point for 
consideration with random sampling is whether to sample with or without 
replacement. When sampling intensity is less than approximately 10 per cent,
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the norm for aerial survey, there is little statistical difference between 
these two options (Caughley, 1977a).
With a sample census the intensity of sampling is an important 
consideration. As with all sampling work, animal density and distribution, 
size of the study area and statistical confidence limits required, each 
plays a part in survey design. Norton-Griffiths (1975a) identifies over- 
sampling as a serious problem in much aerial census work. Wastage of time 
and money is involved if survey teams do not analyse the relationship 
between survey variance and sample size. In common with all sampling 
methods, once a critical sample size is reached, gains in precision are 
minimal and further sampling is of no great benefit unless the survey has 
aims additional to a population estimate. For example, while a sampling 
intensity of 25 per cent may be appropriate for an area of 570 km2 
(Kahurananga, 1981) it is doubtful whether it can be justified for an area 
of 45 000 km2 (Fuller, 1950). With regard to kangaroo surveys, Caughley 
(1979b) discusses the role of size of the survey zone in determining 
sampling intensity. He makes the point that a five per cent coverage is 
greater than necessary for a state-wide survey, good for a 1:250 000 map 
sheet and inadequate for a sheep station. For the inland plains of New 
South Wales (Caughley et al., 1977) and the pastoral zone of South 
Australia (Caughley and Grigg, 1981), it has been demonstrated that 
sampling intensities of between one and two per cent provide adequate 
estimates of kangaroo density.
For any level of sampling intensity, greater precision can be 
attained through optimum allocation of sampling (e.g. Cochrane, 1963).
With stratification of the survey area into zones of varying animal density, 
intensity of sampling can be made proportional to animal density per zone. 
This minimizes sample variance and therefore maximizes the efficiency of 
sampling effort (e.g. Si niff and Skoog, 1964; Watson et ai.f 1967, 1969a, b; 
Goddard, 1969; Sinclair, 1972; Bell et al., 1973; Peek et al., 1976). 
Successful application is dependent upon reliable information on animal 
distribution. As such information is often difficult to obtain, especially 
with highly mobile populations as typifies Africa's migratory ungulates, 
some researchers have resorted to post-survey stratification of the sample 
data (e.g. Sinclair, 1972; Norton-Griffiths, 1973, 1975b; Bell et al., 1973; 
Blackman, 1979). As Norton-Griffiths (1975a:85) concedes, the methodology 
is of 'dubious legality' in statistical terms. These researchers have 
relied on the arguments of Yates (1960) to justify the approach and contend 
that it is valid providing:
196
(a) randomly selected transects are stratified;
(b) sample size within strata is reasonably large (ideally 
> 20); and
(c) sampling intensity for the various strata is uniform.
5.3 Design of Aerial Survey (Specific Considerations)
5.3.1 Responsibilities of the pilot
Maintenance of survey requirements, safety and aviation rules are 
the responsibility of the pilot. Tippett (1969), Hunter (1969), Norton- 
Griffiths (1975a) and Grigg (1979) have addressed this aspect of aerial 
survey which is generally not of specific interest to wildlife scientists. 
Once the pilot has been briefed on what is expected of him, it is widely 
recommended that he should devote himself entirely to navigation and 
ensure that specific requirements of the survey with respect to air speed, 
altitude, heading and location are rigidly maintained. Efficiency of the 
pilot is critical to survey success. Without standardization of the 
survey design, little credibility can be placed on the results of an 
aerial survey. For this reason, the pilot should never act as one of the 
counting team. Although examples can be found of pilots acting as 
observers (e.g. Bowman, 1955; Watson and Scott, 1956; Evans et al., 1966;
Le Resche and Rausch, 1974), it is unlikely that a pilot can satisfactorily 
fulfil two roles simultaneously. Unmeasured error is the probable 
consequence.
5.3.2 Aircraft speed
Counting efficiency varies with air speed. As speed increases less 
time is available to search for animals and the level of eye movement 
necessary to conduct this search also increases. Both lead to under­
estimates of the number of animals actually present (Caughley, 1974).
Table 42 from Graham and Bell (1969) illustrates the point. Even when 
animal density is low it is not possible to count with absolute accuracy. 
Watson (1967) for example suggests a maximum counting rate of approximately 
three animals per second. If a consistent level of counting accuracy is to 
be maintained for a survey it follows that aircraft speed must be 
standardized. This is also vital if separate surveys are to be compared. 
Regardless of whether a sample or complete survey is being conducted a 
constant air speed should be maintained.
While this is generally accepted for sample censuses based on transects,
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air speed (mph) 40 60 80 100
seconds to cover 100 yds 5.1 3.4 2.6 2.0
number of animals countable 
per 100 yds
15.3 10.2 7.8 6.0
density per mile 270 177 137 105
Table 42 Countability of animals at various air 
speeds expressed as density per 100 yds 
(91.4 m) of visibility profile 
(from Graham and Bell, 1969:41).
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the same is not true for complete counts (e.g. Gilbert and Grieb, 1957; 
Siniff and Skoog, 1964; Talbot and Stewart, 1964). Such studies have 
apparently been based on the misconception that complete counts are 
totally accurate and in doing so an unmeasurable variation is introduced 
through disregard of survey speed (Melton, 1978b). Other researchers 
have varied aircraft speed according to animal density (e.g. Grzimek and 
Grzimek, 1960; Cameron and Whitten, 1979). The relationship between ease 
of counting and aircraft speed has been widely recognized. Unless the 
exact relationship can be quantified and a record kept of variation in 
aircraft speed, however, there is no means of standardizing differing 
sample designs.
Reliance on aircraft instrumentation for maintenance of constant 
speed is not totally satisfactory. Air turbulence, wind speed and 
direction, characteristics of the aircraft and skill and concentration 
of the pilot may all lead to deviations from a predetermined figure. 
Transect counts are advantageous in this regard. Providing start and 
end points can be accurately mapped and the flight timed, variation can 
be calculated.
Norton-Griffiths (1975a) suggests that air speeds greater than 
120 mph (190 kph) should not be attempted in census work. Few surveys 
have been reported with speeds exceeding this level with the majority of 
researchers favouring airspeeds of between 130 and 185 kph. An unusual 
exception is Grzimek and Grzimek (1960) who used 225 kph for low animal 
density and 50 kph for high animal density areas in a survey of large 
African ungulates. Few aircraft could match the 50 kph cruising speed 
of this study although minimum cruising speed is an important consideration 
in choice of an aircraft. Terrain, vegetation cover, other aspects of 
survey design and the size, density and distribution pattern of the animal 
being surveyed may all influence the choice of a suitable air speed.
5.3.3 Aircraft altitude
Aircraft altitude clearly influences counting efficiency. With 
increasing altitude, the distance between observer and animal and the 
mean number of objects obscuring the animal both increase. Although this 
is balanced to some extent by a decrease in the amount of eye movement 
necessary to scan the search zone, increasing altitude is associated with 
a decline in counting efficiency (Caughley, 1974). The ease of sighting 
that accompanies low altitude surveys must be balanced against the 
disturbance the aircraft causes to animals along the flight path
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(e.g. Buechner et al., 1951; Grzimek and Grzimek, 1960; Talbot and 
Stewart, 1964; Evans et al., 1966; Norton-Griffiths, 1975a). An 
additional factor here is that although lower altitudes facilitate 
counting, the lower one flies the greater the bias introduced by 
altitude error (Pennycuick and Western, 1972). Hence error of one kind 
may be substituted for another. An aircraft altitude of approximately 
90m is the most widely used and recommended (e.g. Buechner et al., 1951; 
Petrides, 1953; Grzimek and Grzimek, 1960; Frith, 1964; Newsome, 1965; 
Bailey, 1971; Pennycuick, 1973; Le Resche and Rausch, 1974; Norton- 
Griffiths, 1975a; Kahurananga, 1981). The absolute range is from 
approximately 30m (Low, 1979; Low et al., 1981) to 600m (Fuller, 1950).
In some studies, aircraft altitude has been varied within the survey 
in an attempt to adjust for variations in ease of sighting resulting from 
habitat type, animal density or visibility conditions (e.g. Petries, 1953; 
Grzimek and Grzimek, 1960; Talbot and Stewart, 1964; Tarner and Watson, 
1964; Goddard, 1967; Le Resche and Rausch, 1974; Cameron and Whitton, 1979; 
Edroma, 1981). This approach would appear to be of limited value unless a 
quantitative base is established to control variations in altitude.
Without such guidelines the survey design cannot be replicated and may 
indeed be at variance internally.
Standardizing aircraft altitude at a predetermined level is a 
difficult undertaking. Norton-Griffiths (1975a) and Grigg (1979) suggest 
that a radar altimeter is the only satisfactory instrument for the control 
of altitude. The instrument is easily calibrated and periodic readings 
throughout the survey can be used to calculate average altitude for the 
survey as a whole (Norton-Griffiths, 1973, 1975a). The major disadvantage 
is the cost and in probably the majority of cases, aircraft available and 
suitable for aerial survey will not be fitted with a radar altimeter.
An accurate alternative to the radar altimeter, for transect counts 
from strutted aircraft, is the shadowmeter (Pennycuick, 1973). The steps 
involved in devising a shadowmeter are outlined in Figure 55. The 
shortcomings of this method of height control severely limit its 
application. Illumination must be good enough to cast a sharp shadow of 
the aircraft at survey height. This precludes flying in overcast or 
cloudy weather and restricts usage to low altitude applications (<150m). 
Flight path must be adjusted to suit sun angle which means transects are 
run in approximately north-south alignment. A more serious shortcoming is 
that sun elevation must be greater than approximately 30°. This precludes 
use in early morning and late afternoon. Surveys around mid-day are also
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a) prop the aircraft in the flying position and measure the 
height of the pilot’s eye above the floor (h)
b) if H is the required flying height
B is the wing span of the aircraft 
calculate b = B . h / H
c) mark on the hanger floor intervals of width b
d) mark alternate black and white narks of the strut as shewn.
Figure 55. Constructing the Shadowmeter.
(from Norton-Griffiths, 1975a*• 52)
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impossible as the shadow is concealed beneath the aircraft. Further 
problems may arise from the cabin structure of the aircraft. The pilot 
must be able to calibrate the aircraft shadow against the strut markings 
on both sides of the aircraft.
The remaining option is the standard pressure altimeter. While some 
unmeasured inaccuracies must be accepted with this instrument, serious 
bias should not occur providing the terrain is reasonably flat and the 
altimeter is regularly calibrated against known datums (Pennycuick, 1969, 
1973). In the discussion following Watson's (1969a) paper, Pennycuick 
indicates that errors of approximately ± ten per cent can be expected 
from pressure altimeters for standard aerial survey altitudes. Grigg 
(1979) on the other hand is much less optimistic about the accuracy of 
this method of height control.
5.3.4 Transect width
Where transects are the base of an aerial survey, decisions need to 
be made on strip width and how to maintain this throughout the survey.
Strip width has been identified as the single most important influence 
on counting efficiency in aerial survey. With increasing strip width 
there is an increase in the distance between observer and target, the 
mean number of objects obscuring the target, and the amount of eye movement 
necessary to scan the search area. This is compounded by a decrease in the 
time available to scan the search area. Each of these factors results in 
a decrease in counting accuracy (Caughley, 1974). The period of time 
available for counting appears to be the major factor involved 
(Pennycuick and Western, 1972; Caughley, 1974; Hone, 1981).
The impact on survey results is illustrated by Table 43 and Figure 56 
(Caughley, 1974), which record elephant densities for South Luangwa 
National Park, Zambia. Caughley discounts other possible sources of 
variation and demonstrates that there is a clear relationship between 
numbers counted and transect width.
Of the factors influencing counting accuracy, strip width has 
probably been the least recognized by users of aerial survey. While 
Norton-Griffiths (1975a) states that a strip of up to 250m is satisfactory 
for single species counts of large animals across open country, examples 
are readily found in the literature of enormous variations from this 
suggested upper limit. Advantage accruing from wider strips such as 
larger sampling fractions or reduced flying time, cannot compensate for 
counting inaccuracy (Pennycuick and Western, 1972:190). Particularly with
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Date Elephantnumbers
Strip  width (m) 
per observer B io log ist
July 1965 9,000 600 P.B. Dean
Sept 1965 14,000 600 I I
June 1966 12,000 600 I I
Nov 1966 10,000 600 I I
June 1967 11,000 400 D.R. Patton
Nov 1969 18,000 400 P.W. Martin
Aug 1971 28,000 250 L.P. Van La
Jan 1973 32,000 100 G. Caughley
Table 43 Census of elephants in the South Luangwa
National Park, Zambia (from Caughley, 1974:925).
Figure 56 Estimated densities of elephants in a Zambian 
national park, graphed against str ip  width per 
observer. The point marked by a cross was not 
used in f it t in g  the regression curve 
(from Caughley, 1974:926).
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larger animals, size has been used as a justification for wide transects. 
With elephant, strips of 2QCQ- 3200m (Buechner et al., 1963; Buss and 
Savidge, 1966; Edroma, 1981) and 800m (Field, 1971; Eltringham, 1972) 
have been used and Norton-Griffiths (1975a) reports a study where a 
strip of 8 000m was surveyed. In North America, strips of 4 800m 
(Banfield et al., 1955) and 3 000m (Cameron and Whitten, 1979) coupled 
with low level swoops over sighted groups have been used on caribou.
Moose have been counted on transects up to 3 200m in width (Bowman, 1955) 
and bison on transects of up to 1 600m (Fuller, 1950).
In kangaroo surveys, Frith (1964) used 1 200m for open country 
reducing to 100m for mulga scrub while Low (1979) and Low et al. (1981) 
used 800m for open habitats and 200m for densely wooded country.
Varying strip width according to habitat type, and in some cases weather, 
has been used by others as well (e.g. Gilbert and Grieb, 1957; Darling, 
1960; Grzimek and Grzimek, 1960; Talbot and Stewart, 1964; Turner and 
Watson, 1964; Newsome, 1965; Watson et al., 1967; Norton-Griffiths, 1975b). 
The value of the approach is debatable. Reducing transect width for 
denser vegetation aids counting of animals. However, as the exact 
relationship between strip width, habitat type and counting accuracy is 
unlikely to be known, there is little to be gained unless it is presumed 
that the strip widths chosen allow absolute accuracy within each habitat 
type. Such an assumption is patently false.
The standard method of defining the ground counting strip is adapted 
to strutted aircraft. Streamers or marks are placed on the struts so that 
at survey altitude, an observer, by looking between these markers, views 
a ground segment of the required width. Initial placements are devised 
with the aircraft on the ground (Figure 57) and final adjustments made 
from the air by flying, at survey altitude, over ground marks at the 
required spacing.
This technique is simple and accurate and a major improvement on some 
methods that have been used to define strip width. Fuller (1950), for 
example, carried an abney level to define the limits of the transect.
Others (e.g. Saugstad, 1942; Edwards, 1954; Banfield et al., 1955) 
utilized single marks on the strut and cabin window to subtend set angles 
from the vertical or actually measured angles to animals sighted. With 
this strategy based on a strip measured out from the vertical projection 
of the aircraft, the innermost segment of the strip is not visible to the 
observer due to the bulk of the aircraft itself. The method is also more 
subject to error from aircraft bank. These early researchers tended to
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from text, let
then
h be the height of the observer's eye 
from the floor
W be the required strip .width 
H be the required flying height 
w = W  . h / H
w is marked out on the hanger floor, and the two lines of 
sight a ’ - a - A and b' - b - B established. The streamers 
are attached to the struts at a and b. a' and b' are the 
window marks.
Figure 57. Fixing the position of the streamers.
(from Norton-Griffiths, 1975a: 54)
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treat variation in transect width as inconsequential (e.g. Banfield et 
al., 1955).
With strut marks or streamers, the observer should align the inner 
streamer with a mark on the aircraft window to standardize his angle of 
viewing (Bell et ai., 1973). Other departures from a fixed strip width 
result from variation in aircraft altitude and banking. In general, 
observers should never attempt to compensate for real or perceived 
variations in aircraft altitude or attitude (Norton-Griffiths, 1975a). 
Variation in aircraft height can be corrected for at a later date if a 
log is kept of periodic altimeter readings (Norton-Griffiths, 1975a, b). 
Banking errors lead to a very small positive bias in strip widths 
(Penncuick, 1969; Norton-Griffiths, 1975a) but providing weather is calm, 
such variations are insignificant (Pennycuick, 1969; Pennycuick and 
Western, 1972; Norton-Griffiths, 1975a). On the other hand, purposive 
adjustments to the dimensions of the ground strip by the observer 
introduce changes that cannot be quantified or held constant.
5.4 Undercounting in Aerial Survey (Additional Factors)
5.4.1 Introduction
Aerial survey teams do not record all animals that fall within the 
survey unit. This negative bias results from failure to locate some of 
the animals present and undercounting those that are seen (Watson et ai., 
1969c). Counting inaccuracy increases with increasing animal density 
and difficulty of sighting. Either can set a limit to observer efficiency 
(Pennycuick, 1969). Adjustments are less difficult with the former.
Watson (1967) suggests an upper counting limit of approximately three 
animals per second. A consequence is that photography is a necessity 
when animals are aggregated (e.g. Turner and Watson, 1964; Graham and 
Bell, 1969; Watson, 1969b; Sinclair, 1972, 1973; Heyland, 1972; Norton- 
Griffiths, 1973, 1974, 1975a, b; Caughley, 1977b). Lavigne et a l . (1976) 
state that within aerial survey, censuses based on visual estimation of 
large groups of animals provide the most nebulous contact with reality.
As with counts of animals in low density, large group estimates are 
typically underestimates (e.g. Watson and Scott, 1956; Heyland, 1972; 
Norton-Griffiths, 1975a) although the reverse has been reported (e.g. 
Wartzok and Ray, 1975; Lavigne et ai., 1976).
The majority of reports on aerial census acknowledge counting error, 
although in many cases the underlying causes are not understood or are 
misinterpreted. It is only over the last decade that the magnitude of
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counting error has been quantified and the role of visual bias as the 
primary source of aerial survey error, established (e.g. Caughley, 1972,
1974; Norton-Griffiths, 1975a; Lavigne et al., 1976).
Visual bias results from a complex interaction between perceptual 
abilities and survey experience of the individual; characteristics of the 
environment and animal population surveyed; and the survey design itself.
5.4.2 The observer
As has long been recognized (e.g. Edwards, 1954), observer fatigue 
has a substantial impact on counting efficiency. In aerial survey,the 
observer must maintain vigilance and concentration (.Graham and Bell, 1969).
As Menee (1969) points out, this places him constantly under pressure. 
Distractions and aberrations eventually occur. A whimsical but neverthe­
less informative illustration of how mental fatigue may manifest itself 
in kangaroo surveys is provided by Figure 58.
The types of aircraft used for aerial survey and the way they need 
to be flown both contribute to mental fatigue. Noise, vibration, cabin 
temperature, discomfort and unexpected aircraft movement all favour rapid 
onset of mental fatigue (Menee, 1969). Additional contributing factors 
include enforced acceptance of high levels of glare and searching rapidly 
passing, monotonous terrain that may be nearly devoid of animals.
Conversely, complex terrain and high animal density demand intense 
concentration. All lead to fatigue and associated drops in observer 
efficiency.
Fatigue can be alleviated by switches in concentration. Graham 
(from Graham and Bell, 1969) suggests that writing down animal tallies at 
regular intervals is a sound policy although the appropriateness of doing 
this during designated counting sessions is open to question. Short 
counting sessions are preferable to sustained counting which provides 
little time to relax. A strategy of this type must be balanced against 
the cost and time efficiency of the aerial survey. Discontinuous transects 
offer advantages in this aspect of flight planning (e.g. Norton-Griffiths, 
1975b; Caughley et al., 1977, 1979; Caughley and Grigg, 1981). Transects 
are divided systematically into quadrats which are counted, and intervening 
spaces. The spaces are used to record results and enjoy a brief respite 
from counting. Using this method, Caughley et al. (1976) state that for 
kangaroo surveys, three-hour counting sessions produce no effect on 
counting efficiency. This contrasts with a suggested maximum of two-hour 
sessions for quadrat sampling (Evans et al., 1966). Norton-Griffiths (1975a)
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Figure 58. The manifestations of survey fatigue in kangaroo surveys.
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makes the point that quadrat sampling is more tiring for the observer than 
sampling based on transects. Fatigue and boredom may also be associated 
with time of day. Norton-Griffiths (1976:370) states, "Counting efficiency 
is maintained when transects are short and when counting, at least in East 
Africa, is between 0800 and 1100 local time." The role of observer fatigue 
has not always been appreciated, or perhaps aerial survey crews have become 
less robust. De Vos (in discussion following Banfield et al., 1955) states 
that fatigue only becomes noticeable after flying sessions of approximately 
eight hours.
There is often variation between the expected search image for a 
particular animal and its appearance from the air (Graham and Bell, 1969). 
This search image will vary depending upon factors such as time of day, 
survey design, position of the animal in the environment and animal 
movement. As interpreting such patterns from the air is a learned skill 
(Menee, 1969), it follows that aerial survey crews need to be trained in 
counting from the air.
There is ample evidence to demonstrate that experience greatly 
improves counting efficiency (e.g. Gilbert and Grieb, 1957; Buechner et  
a l . ,  1963; Erickson and Siniff, 1963; Graham and Bell, 1969; Menee, 1969; 
Field, 1971; Le Resche and Rausch, 1974; Eltringham, 1977; Frei et  a i . ,  
1979; Denny, 1979; Grier et a i . ,  1981). Where this is not appreciated, 
erroneous conclusions may be drawn from survey results. For example, 
an apparent, regular increase in the size of an elephant population over 
a series of surveys (Buss and Savidge, 1966) is interpreted by Norton- 
Griffiths (1976) as merely an indication of improving counting skill of 
the survey team.
A range of simulation exercises involving the use of aids such as 
photography and dot patterns have been used to assess observer efficiency 
and provide training (e.g. Watson and Scott, 1956; Matthews, 1960; Watson 
et ai., 1969c, d; Brown, 1971; Heyland, 1972; Sinclair, 1973; Wartzok and 
Ray, 1975; Caughley et a i . ,  1976; Lavigne et a i . ,  1976). As is noted by 
Lavigne et a i .  (1976:33), however, it is not possible to relate observer 
performance in the laboratory to performance in the field. Training 
through participation in aerial surveys is an essential aspect of the 
education of survey personnel. Caughley and Grigg (1981) report a training 
period of 50 hours flying time for new members of their survey crew. A 
similar programme for training observers is recommended by Dirschl et  a l . 
(1981). Some have suggested that only recent experience relevant to the 
survey in hand is of value. Le Resche and Rausch (1974), for example,
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found that experienced observers without current practice were less precise 
in their estimates than individuals with no past experience in aerial 
survey work.
Regardless of an individual's experience and natural ability with 
regard to counting animals from aircraft, there is a limit to the level of 
proficiency that can be reached. Consistency rather than accuracy is the 
result of experience. Sinclair (1972) states that even experienced 
observers are unlikely to count more than 60 per cent of the animals 
present, while Caughley (1979b) suggests that a negative bias of 20 per cent 
is the minimum possible error for kangaroo surveys under optimum counting 
conditions. Despite this, some researchers presume that their counting 
accuracy has been absolute. For example, Edroma (1981) states for his 
elephant surveys that all animals were easily seen although the counts were 
based on transects 2 km wide from an altitude of 170 - 200m. Both transect 
width and altitude were far in excess of accepted limits for reasonable 
counting accuracy (Norton-Griffiths, 1975a). Others have stated that 
animals as large as rhinoceros "could hardly be overlooked" (Grzimek and 
Grzimek, 1960:32) and that multispecies counts of large African ungulates 
from an altitude of 300m are almost exact (Turner and Watson, 1964). An 
interesting illustration of this aspect of visual bias is given by Caughley 
(1979b). He describes a survey where two observers were returning very 
similar results for the same counting strip. This suggested a high degree 
of accuracy. Closer scrutiny, however, demonstrated that each was 
frequently sighting different animals. Both observers exhibited similar 
levels of counting accuracy although both were returning gross underestimates.
One aspect of observer error that was largely ignored for many years 
is that even experienced individuals differ in their counting efficiency 
(e.g. Jolly, 1969b; Watson et al., 1969c; Wartzok and Ray, 1975; Lavigne 
et a l ., 1976; Caughley et al., 1976; Eltringham, 1977; Frei et ai., 1979). 
Bevan (1961) who tested differing observers in surveys of spawning pink 
salmon suggests observer variation is so great, that even for trend analysis 
(density indices), only a single observer should be used. While using the 
same counting crew on each survey may standardize error from this source, it 
provides no scope for comparing surveys of the same area by different 
personnel or comparing estimates from different areas. A useful approach 
to the problem is to standardize all crew members against the counting level 
of one crew member. This method has been developed by Caughley's team 
(e.g. Caughley et al., 1976, 1977, 1979; Caughley and Grigg, 1981). New 
survey teams or members can be calibrated against any one of the original
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crew. This allows more accurate comparisons to be made between surveys.
5.4.3 The animal
Characteristics of the target animal control the level of accuracy 
that can be expected from aerial counts. Shape, size and colour of the 
animal, its location, movement in response to aircraft overpass, activity 
cycles and association with other animals are the major aspects of the 
target that influence its sightability (visibility). From the range of 
variables involved, it follows that counts of single species are more 
accurate than multi species counts (e.g. Graham and Bell, 1969; Watson 
et ai., 1969c; Norton-Griffiths, 1975a).
Shape, size and colour of an animal influence contrast between the 
animal and its background. The stronger the figure - background relation­
ship, the easier it is to sight the animal. Environmental cycles interact 
with each of these factors. For example, time of day interacts with shape 
and size of the target to govern size and length of the shadow cast by an 
animal. Time of day also affects the reflectance level of the animal's 
colour. Time of year determines background density and colour (ground 
cover) and the contrast between this and the animal. Where animals are 
difficult to locate, these considerations may need to be taken into account 
when planning surveys (see following section).
Movement aids recognition and if the animal is stationary, standing 
animals are more easily seen than those lying down. Because of this, 
aerial surveys may need to be synchronized with animal activity cycles.
For example, with mule deer (Gilbert and Grieb, 1957), rhinoceros 
(Goddard, 1967), brown bear (Erickson and Siniff, 1963) and kangaroos 
(Caughley et al., 1977), surveys are best conducted in the early morning 
or late afternoon. These times correspond to major feeding sessions-when 
the animals are active and less likely to be sheltering in wooded habitats 
where visibility from the air is poor.
The distribution pattern of animals has a major influence on the 
likelihood of seeing any individual (e.g. Banfield, 1955; Lamprey, 1964; 
Norton-Griffiths, 1975a; Martin and Zeckefoose, 1976). Jarman (in 
discussion following Caughley, 1979b) states that for the African 
environment, a single animal hasaboutone half to three quarters the 
probability of being sighted as have groups of two or more, with little 
improvement in ease of sighting above a group size of ten. As larger 
groups have a higher probability of being sighted, analyses of population 
structure based on aerial counts, tend to overestimate the number of
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animals per group and underestimate the number of groups (e.g. Cook and 
Martin, 1974; Samuel and Pollock, 1981).
Spatial arrangement of groups of animals also regulates counting 
accuracy (Graham and Bell, 1969). Animals distributed in linear patterns 
are easier to count than those in clumped patterns. Regular spacing of 
individuals leads to greater counting accuracy than random spacing.
Groups of animals oriented in one direction are more easily tallied than 
those exhibiting a range of orientations. In most cases, biological 
distributions are not regular. Therefore, each of the above factors tends 
to favour inaccuracy in aerial survey.
With regard to kangaroos, Caughley et a l .  (1977:105) state, "Because 
of their crisp search images, the flatness of the terrain in which they 
live, and their relatively low level of clumping, kangaroos are ideal 
animals to census from the air." (refer Sections 5.7.2 and 5.7.4).
5.4.4 The environment
As with most sources of variation in aerial counts, the roles of 
habitat and viewing conditions were identified at an early date (e.g. 
Riordan, 1948; Fuller, 1950; Buechner et al., 1951; Edwards, 1954;
Bowman, 1955; Banfield et a l . ,  1955).
The negative correlation between density of cover and ease of sighting 
animals has been a preoccupation of researchers for many years. The 
problems of sighting an animal against or through its background are often 
alleviated by seasonal factors. For example, the importance of a good 
snow cover to efficient survey of elk is well documented (e.g. Riordan, 
1948; Mûrie, 1951; Buechner et a l . ,  1951; Anderson, 1958; Robel, 1960; 
Lovaas et a i . ,  1966). Aerial surveys of animals in deciduous forests are 
more successful in winter when the trees carry no foliage (e.g. Trippensee, 
1948). The dry season can have a similar impact on foliage cover of trees 
in tropical environments (e.g. Pienaar et  a l . ,  1966; Smuts, 1974).
Seasonal cycles often govern animal distribution patterns. The 
importance of season in concentrating animal populations in habitats 
favourable to aerial counts has received close attention (e.g. Buechner 
et a i . ,  1951, 1963; Bowman, 1955; Banfield et a l . ,  1955; Gilbert and 
Grieb, 1957; Watson and Scott, 1956; Newsome, 1965a; Pienaar et  a l . ,
1966; Buss and Savidge, 1966; Goddard, 1967; Field, 1971 ; Caughley and 
Goddard, 1972, 1975; Norton-Griffiths, 1973; Smuts, 1974; Sargeant et a l . ,  
1975; Eltringham, 1977; Gunson, 1979; Low et a l . ,  1981). Ease of flying
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may also be related to season (e.g. Gilbert and Grieb, 1957; Buss and 
Savidge, 1966; Pennycuick and Western, 1972) although daily weather 
patterns are likely to be of more practical significance. As well, 
weather patterns undoubtedly influence animal behaviour. Little has 
been written, however, on specific relationships of relevance although 
the relationship between wind and animal use of shelter has been 
documented (e.g. Buechner et al., 1951; Bowman, 1955; Banfield et al.,
1955; Erickson and Siniff, 1963).
While the possible impact of gross factors such as ruggedness of 
terrain, vegetative cover and season are mentioned in many articles 
describing the use of aerial survey, more subtle though equally important 
variables are often neglected. One such factor is illumination. Graham 
and Bell (1969) discuss the relationship between total illumination and 
sun angle and visibility bias. They suggest that oblique lighting, with 
the sun behind the observer, provides optimum conditions for counting.
More importantly, they point out that lighting conditions can have a 
dramatic impact on counting efficiency (see also Erickson and Siniff, 1963; 
Buechner et al., 1951, 1963; Turner and Watson, 1964; Lamprey, 1964; 
Eltringham, 1972; Norton-Griffiths, 1976). Low et al. (1981) suggest that 
kangaroo surveys are best conducted in the early morning when the animals 
are most visible due to high reflectivity. Early morning also provides the 
most stable flying conditions (as Low et  al. conducted their counts from 
an altitude of 30m, ideal flying conditions would have been critical). 
Caughley et al. (1976) found that surveys held within three hours of dawn 
and dusk were most suitable for sighting kangaroos.
In a practical sense, the environment is usually a distraction to 
aerial survey of wildlife. The foregoing gives some indication of the 
importance of the variable and indicates that an appreciation of its 
importance must be built into any survey design. Change in any aspect of 
environment or environment - animal interaction will influence the result 
of aerial counts. In most cases, however, there is little understanding 
of the mechanisms involved and no method of correcting the bias introduced 
to survey results. It follows that if aerial surveys are to be consistent 
internally and comparable with other aerial surveys, as much effort must 
be directed towards standardizing environmental variables as is usually 
afforded other aspects of survey design (e.g. Gilbert and Grieb, 1957; 
Davis, 1963; Le Resche and Rausch, 1974; Melton, 1978b; Grier et al.,
1981).
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5.5 Aerial Survey Inaccuracy (Problems and Solutions)
5.5.1 Introduction
The current status of aerial survey as a census tool is likened by 
Caughley (1979b:15) to a baby still in the throes of teething trouble.
He further states, "It got off to a bad start because its advocates, 
blinded by its very real advantages, failed to appreciate its equally real 
shortcomings."
From the establishment of aerial survey as a tool in wildlife research, 
the literature abounds with statements attesting to the inaccuracy of 
aerial counts, possible reasons for this and suggestions as to how error 
may be overcome. From these early days to the present, however, there is 
also an abundance of examples where the researchers have failed to make 
use of available knowledge on minimizing or standardizing sources of error. 
Despite ample evidence to the contrary, a view solidly held by a certain 
number of users remains that highly accurate counts are possible regardless 
of survey design, the environment, the animal population and the observers 
themselves. As suggested by Caughley's (1979b) comments, aerial survey is 
far from being an exact methodology. While further refinement of the 
technique is required before truly accurate or precise results can be 
claimed (Jarman, 1979), analyses of the problems involved have provided a 
sound structure for the planning of aerial surveys. Unless this past 
experience is used to advantage, results obtained will provide little more 
than a costly demonstration of the inadequacies of poorly designed aerial 
surveys.
5.5.2 Accuracy or precision
Once aerial survey was being used on a regular basis in wildlife 
applications, it was soon recognized that the technique was inaccurate.
That this did not necessarily detract from the usefulness of the technique 
was also recognized. While the initial users of aerial survey were 
perhaps unaware-of the full range of variables concerned, they appreciated 
that, if methods were held constant, reliable estimates of trends in 
density could be obtained (e.g. Sumner, 1974; Buechner et al.,. 1951;
De Vos and Armstrong, 1954; Banfield et al., 1955).
Since these early experiences in aerial survey, researchers have 
tended to split into two separate camps. The majority has taken the view 
that survey design cannot eliminate inaccuracy (Caughley, 1974) and that 
reliable assessment of this inaccuracy is impossible (Graham and Bell, 1969).
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This group has accepted the inevitability of some inaccuracy and has 
concentrated on maximizing the precision of aerial surveys. Precision 
may be defined as a measure of the closeness one might expect an estimate 
to approximate its expected value (Overton, 1971:404). The aim here is 
to obtain density indices that can be reproduced with a high degree of 
certainty. In other words, precise surveys will have a reasonably constant 
level of inaccuracy, the magnitude of which is probably unknown. The other 
group has focused on the inaccuracy aspect and methods by which the error 
can be monitored or removed (e.g. Siniff and Skoog, 1964; Evans et al., 
1966; Goddard, 1967, 1969; Jolly, 1969b; Watson et al., 1969a, b;
Caughley and Goddard, 1972; Pennycuick and Western, 1972; Caughley, 1974; 
Caughley et al., 1976; Henney et ai., 1977; Magnusson et al., 1978; Floyd 
et ai., 1979; Samuel and Pollock, 1981; Grier et al., 1981).
These separate philosophies are not mutually exclusive. Le Resche 
and Rausch (1974) were able to demonstrate that the variables influencing 
the accuracy of aerial counts had a similar effect on precision. It is 
clear though that survey design should be directed towards either precision 
or accuracy. To achieve precision all the interrelated factors associated 
with observers, animals, physiography, weather and equipment should be 
standardized. Surveys that maximize sampling fraction and absolute numbers 
of animals counted increase precision. As Caughley (1979b) points out, 
increasing strip width and aircraft speed (in transect counts) achieves 
this goal. Both strategies, however, are correlated with a decrease in 
counting accuracy. Sinclair (1972) provides an example of a carefully 
planned series of surveys designed around precision while others (e.g. 
Siniff and Skoog, 1964; Jolly, 1969a; Norton-Griffiths, 1975a; Caughley, 
1977a, 1979b) provide a guide to sampling strategies and statistical 
techniques consistent with the attainment of reliable (precise) estimates. 
As Jarman (1979) points out, however, most aerial surveys are probably 
imprecise as too many variables are out of the observer's control. This 
is a sentiment echoed by early users of aerial survey (e.g. Crissey, 1948; 
Edwards, 1954). Reassuring standard error estimates are no guarantee of 
precision. While repeatable indices of animal density may be a more 
easily attainable goal in aerial survey than accurate censuses, an 
approach based on precision is by no means foolproof.
Caughley (1974) suggests that many practitioners of aerial census work 
have viewed the problem of obtaining precise estimates largely in 
statistical terms, success being rated solely on the size of the standard 
error obtained. According to Caughley (1974:921), "Underlying the
215
preoccupation with precision there often lurked an implicit assumption 
that the estimate is free of bias, that the observers counted all animals 
on each sampled unit." Despite this, Caughley who has been the most 
productive researcher into the field of aerial survey accuracy, argues 
strongly (e.g. Caughley, 1977b, 1979b) that for most wildlife applications 
density indices (indices of relative density) provide a more feasible goal 
for aerial survey and are equally as useful as absolute totals (estimates 
of actual density).
It is generally accepted that density indices provide useful data for 
wildlife research and that achieving reliable density indices is a,far 
less complex business than achieving reliable counting accuracy. Neverthe­
less, there are specific problems that demand accurate estimates of 
population totals. For example, in allocating or assessing harvest quotas, 
true population size must be known (Caughley et al., 1977). To achieve 
accuracy in aerial survey, visual bias must be eliminated. While some 
claims are made that this can be accomplished through survey design 
(e.g. Stewart and Talbot, 1962; Siniff and Skoog, 1964; Evans et ai.,
1966), Caughley (1979b: 16) suggests that this approach "...leads down a 
straight road to a swamp." As visual bias is present in all aerial 
surveys the only possible solution is to measure the visual bias of a 
survey and correct for this error (Caughley et al., 1977) (refer following 
section).
5.6 Adjusting For Survey Inaccuracy
If absolute totals of animals within the survey zone are required, 
some means must be found of correcting for the visual bias inherent in all 
aerial surveys. Caughley (1979b) suggests three possible strategies:
1. direct comparison with populations of known size;
2. comparison with another survey method; and
3. indirect estimates from biased counts.
5.6.1 Compare with known
,The most reliable strategy is probably to compare the aerial count 
for specific sections of the total survey area with a complete ground 
count of these same sections. The ratio of aerial count to true population 
size for the sampled control areas can then be used to correct the total 
survey for visibility bias (Jolly, 1969b). Unfortunately this option is 
rarely available. The circumstances that favour the use of aerial survey 
usually preclude accurate ground counts.
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Where the survey target is stationary, as is the case with waterfowl 
nesting sites (e.g. Lensink, 1962; Martinson and Kaczynski, 1967), the 
correction is presumably very accurate. Even here though it would have 
to be established that the control sites were representative of the 
entire survey area. Differences in density and distribution pattern of 
the target and variation in the surrounding environment all influence 
visual bias in aerial counts. When the target is mobile, as is normally 
the case, synchronization of the two counts is critical unless the control 
areas are escape proof. Examples of this approach can be found in the 
work of Le Resche and Rausch (1974) who used 1 sq mi (2.56km2) enclosures 
to estimate aerial visibility bias for moose. They found that experienced 
observers saw only 68 per cent of the moose present. Caughley et al. (1976) 
utilized differing survey designs in a census of sheep confined to a 16km2 
paddock and found that over all treatments they averaged only 64 per cent 
accuracy.
Samuel and Pollock (1981) examine one problem inherent in the standard 
ratio-estimate of Jolly (1969b) and a related model devised by Cook and 
Martin (1974). They note that the approach does not take into account the 
influence of clumping in the target population on probability of sighting 
(Section 5.4.3). A solution was devised based on the asymptotic regression 
function, which corrects for distribution pattern of the target and the 
impact of this on visual bias. Their method was applied with apparent 
success to censuses of sea otters.
A strategy that is perhaps better placed in the following section was 
devised by Floyd et al. (1979) to correct for deer missed during aerial 
survey. They used radio tagged deer fitted with colour coded collars.
The survey crew was directed to quadrats (1.3 to 2.6km2) containing known 
numbers of tagged deer. The ratio of deer with collars seen, to total 
number with collars actually present, was used to correct total survey 
results.
The ratio estimate may also be applied as a variation of the removal 
method (e.g. Edwards, 1952; De Vos and Armstrong, 1954). Successive 
counts are adjusted according to known reductions in the population due 
to harvesting. A novel approach is reported by Watson and Scott (1956). 
They asked observers to estimate their inaccuracy which averaged out at
approximately a 20 per cent underestimate. Similar corrections based on
/
qualitative assessments of counting performance are reported by Sumner 
(1948), Edwards (1954) and Banfield et al. (1955).
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The usefulness of the ratio-estimate correction relies heavily on 
the quality of the control and the effort required to acquire this. In 
most situations where aerial surveys are utilized, the method is of 
limited relevance.
5.6.2 Compare with another survey method
The most widely used method of assessing the accuracy of aerial 
surveys is to compare results with those of another survey method. As 
Caughley (1979b) points out, it is hoped that this control is accurate.
In practice, however, many authors assume that this is the case and treat 
the variation as a representation of 'compare with known' (previous 
section). In most situations this is not justified. Table 44 (from 
Caughley, 1974) illustrates the shortcomings of this approach. No survey 
method is completely accurate. While this was appreciated by even early 
users of aerial survey who attempted such comparisons (e.g. Edwards, 1954), 
many studies disregard this fact. Comparing two inaccurate techniques 
supplies little meaningful data on true population size.
Even some of the better controls identified in Caughley's (1974) 
analysis (Table 44) are of questionable quality. For example, while 
Caughley states that Goddard's (1967) control for black rhinoceros was 
good, Norton-Griffiths (1975a) uses this study as an illustration of a 
biased comparison. While the ground counts may have been accurate, aerial 
and ground counts were not synchronized. Although Goddard defined a 
30 per cent negative bias in aerial surveys, "...it is quite possible that 
at any one time there were only 70 per cent of the known animals in the 
study area anyway" (Norton-Griffiths, 1975a:80). Goddard's (1967) data 
are in fact very difficult to interpret. For his 18 aerial surveys no 
two appear to have exactly the same design. He concludes that aerial 
survey is of limited value in appraising rhinoceros populations. A 
perusal of his results (Goddard, 1967:20-21), however, shows a steady 
increase in counting efficiency over the series, particularly when time 
of day for the survey is standardized. When a few high altitude counts 
are deleted from this latter half of the results, the surveys begin to 
look'quite consistent. These data suggest that precise estimates are 
feasible for rhinoceros survey. In emphasizing inaccuracy he appears to 
overlook the alternative of precision.
Bailey's (1971) comparison of ground and aerial counts of red 
kangaroos (Table 44) was based on the same transect counted during the 
day by aerial survey and at night by a spotlight count from a vehicle.
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Species
Per cent 
counted Control Reference
Wapiti, Cervus elaphus 64 poor Buechner et al., 1951
Moose, Alces americanus 77 poor Edwards, 1954
Mule deer,
Odocoileus hemionus
43 fair Gilbert & Grieb, 1957
Brown bear, ursus arctos 47 good Erickson & Siniff, 1967
African game 88 good Lamprey, 1964
Black rhinoceros
Diceros bicornis
29 good Goddard, 1967
Man (fixed wing) 65 good Watson et a i., 1969d
Man (helicopter) 75 good Watson et ai., 1969d
Simulated game 75 exact Watson et ai., 1969c
Indian rhinoceros
Rhinoceros unicornis
56 poor Caughley, 1969
Red kangaroo, Megaleia rufa 57 fair Bailey, 1971
African large mammals 
(Mean of 8 spp.)
23 fair Spinage et al., 1972
Ringed seal, Phoca hispida 58 good Smith, 1973
Sheep (total count) 74 exact Caughley (unpub.)
Sheep (200 m strip) 74 exact Caughley (unpub.)
Cattle (total count) 89 exact Caughley (unpub.)
Cattle (200 m strip) 39 exact Caughley (unpub.)
Table 44 Accuracy of aerial censusing 
(from Caughley, 1974:922).
219
As it could reasonably be expected that animal distribution patterns would 
vary between day and night, and that navigational and counting accuracy of 
both survey methods was questionable, the usefulness of any comparison is 
doubtful. The ground counts returned densities of almost twice those from 
aerial counts although it was noted that trends in density from both 
methods were similar. Bailey (1967) recognized the biased nature of both 
methods and used each as population indices and not absolute estimates.
Other researchers have more faith in similar controls and extrapolate 
'true' population totals where such are not feasible.
Another approach from this group that does offer promise is to 
compare visual counts with photo counts from the same aerial survey 
(e.g. Thomas, 1969; Sinclair, 1973; Norton-Griffiths, 1975b; Blackman,
1979). This provides a close approximation of the ratio method although 
as Norton-Griffiths (1975b) points out, the strategy relies on all animals 
present being visible on the photograph. While use of photography will 
greatly reduce bias it will not remove it (Norton-Griffiths, 1974).
Factors such as clarity of photography and density of vegetation will 
detract from the accuracy of photo counts and the method is only appropriate 
where the target species is in high density.
The manner in which photography has been incorporated into survey 
designs varies substantially. Watson et al. (1969b) used photography to 
correct visual estimates of large herds of mammals in northern Tanzania.
They did not calibrate the entire range of animal densities encountered, 
claiming that counting error was negligible when compared with sampling 
error. Buechner et al. (1963) used a similar strategy for elephant herds 
numbering several hundred. They reported a close agreement between photo 
counts and visual estimates. Bell et al. (1963) used photography during 
surveys of the Kafue lechwe. Their experience indicated that visual 
estimates were nearly always underestimates even for small numbers of 
animals. Photography was used to recalibrate counting accuracy on each 
survey and to correct all estimates of groups of animals larger than 30 
where photographs were not taken. Aerial photography has also been used 
as the sole method of gathering census data (e.g. Norton-Griffiths, 1973). 
The improvement in counting accuracy obtained in such surveys must, 
however, be balanced against the higher costs and slower time involved 
for analysis and presentation of results (Watson, 1969).
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5.6.3 Indirect estimates from biased counts
The final option suggested by Caughley (1979b) is to use indirect 
methods to estimate true numbers from biased counts. The majority of 
these operate on total censuses (e.g. Robson and Whitlock, 1964; Hanson, 
1967; Seierstad et ai., 1967; Caughley and Goddard, 1972; Caughley, 1974; 
Magnusson et al., 1978) with one method (Caughley et ai., 1976) appropriate 
to sample surveys.
Table 45 (from Magnusson et ai., 1978) provides a summary of the 
methods appropriate to total counts. The first three methods apply to the 
usual situation with aerial counts. Here the targets cannot be identified 
individually and are highly mobile. The last two are used where the 
targets can be recognized by two observers.
This suite of methods has been reviewed by Routledge (1981). A 
summary of his findings is presented below. The Robson and Whitlock (1964) 
strategy is based on the use of the largest and second largest counts from 
a large number of repeated, complete censuses. From these, a truncation 
point is estimated of a distribution of fixed shape. The model remains a 
theoretical one, however, because in practical terms the number of 
repetitions required precludes its testing in aerial survey. For Hanson 
(1967) and Seierstad et a l . (1967) it is assumed that each survey is 
generated from the same binomial distribution. Routledge points out that 
this places severe restrictions on the versatility of the model as it 
assumes a constant population throughout the series of surveys and that 
the probability of sighting an animal also remains constant and is 
independent of sighting any other animal. It is doubtful whether any of 
these assumptions can be met. Caughley and Goddard (1972) attempt to 
solve the problem of varying probability of sighting through use of a 
pair of simultaneous equations describing a parabolic relationship between 
survey means and variances. Routledge (1981:999) states that the strategy 
is inadequate as, "It provides a consistent estimator only if an arbitrary 
assumption on the variance of the total counts is satisfied. Furthermore, 
even if this assumption is satisfied, the estimate is hopelessly imprecise 
unless a truly prohibitive number of surveys is performed." For these 
three strategies, there would appear to be little justification in either 
practical or statistical terms for undertaking the enormous survey input 
required for their use. As Routledge (1981:1000) concludes, there is no 
scope for obtaining reliable estimates of true population size solely from 
a series of biased counts. However, he is more hopeful about methods based 
on probability of sighting animals (Caughley, 1974) or the ability to 
recognize individuals (Magnusson et al., 1978).
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Caughley (.1974) suggests that only two counts are required when 
two equally skilled observers can recognize individual survey targets. 
Probability of sighting can be estimated from an analysis of animals 
seen by both or one of the observers. Caughley uses Eltringham's (1972) 
elephant data to illustrate the method. Magnusson et al. (1978) extend 
this model by dispensing with the requirement that the probability of 
seeing a target is the same for both observers. In effect this allows 
two separate survey methods to be used. Ground and aerial counts of 
crocodile nests are used to demonstrate the method. For a fixed target 
such as crocodile nests, this strategy may offer a solution to the 
problem of comparing two inaccurate survey methods (Section 5.6.2).
Caughley's (1974) work applying to the influence of speed and 
altitude of aircraft and width of the counting strip has been further 
developed to provide a method appropriate to sample counts (Caughley 
et ai., 1976). The procedure devised was to record observed density of 
red kangaroos at varying altitudes, speeds and transect widths. An 
estimate of true density was then obtained through partial regression by 
extrapolating the regression line to the origin. A summary of the derived 
equation for red kangaroos inhabiting open country is presented in 
Table 46. The technique, which Caughley et al. believe gives a relatively 
unbiased estimate of true density, was tested on known numbers of sheep 
and a simulation using dot distributions. In both cases the correction 
factors returned estimates that were close to the true totals. The most 
obvious shortcoming of the method is that its accuracy cannot be tested 
easily on wildlife populations. As well, a separate set of calculations 
must be gathered for each habitat type to be surveyed.
5.6.4 Summary
The foregoing illustrates clearly that none of the currently used 
strategies for correcting inaccurate aerial counts is wholly satisfactory 
on statistical or practical grounds. Furthermore, as Hone (1981:71) 
points out, "No practical mathematical model currently incorporates all 
known or hypothesised relationships between counts and survey factors."
A major problem that makes assessment of all past and future adjustment 
procedures difficult is that most hypothesised solutions cannot be checked 
adequately in the field. Without such verification, any method is of 
doubtful usefulness (Lavigne et al., 1976).
While this suggests that accuracy is an elusive goal in aerial survey, 
precision in aerial survey does not necessarily provide a viable
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Percentage seen = 1QÛ - Q. 172 S - 0.0123 H - Q.0007 H2 - 0.0982 T
where
S = speed in km/h
H = height above ground in metres, and
T = transect width per observer in metres.
The equation predicts that at S = 160 km/h, H = 75m and T = 200m, 
only 48 per cent of red kangaroos are seen. The correction factor
is therefore estimated as 1 / 0.48 = 2.08.
Table 46 Accuracy of aerial survey of red kangaroos 
inhabiting open country (from Caughley, 
1979b:18).
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alternative. Although survey accuracy and precision are usually discussed 
as separate entities, they cannot be divorced. The ultimate aim of both 
accuracy and precision is to return density data that can be compared 
meaningfully with past and future surveys of the same population and other 
populations. To achieve this through precision necessitates rigid 
standardization of survey design (e.g. speed, altitude and transect width) 
and environmental variables (e.g. weather, vegetation status and animal 
distribution). Attainment of either let alone both is unlikely in the 
majority of situations. Therefore, if we accept that, "no statistical 
procedures will make data collected under different conditions comparable" 
(Davis, 1963:93), there is little rationale in conducting aerial surveys 
at all. If we are not able to standardize conditions we must measure their 
influence on results obtained. This in effect is the purpose of one 
aspect of research into survey inaccuracy (e.g. Caughley, 1974; Caughley 
et ai., 1976). As Caughley (1979b) explains, to compare his kangaroo 
survey results with those of other researchers, it was necessary to rely 
on his own 'dubious' regression equation (Table 46) because the survey 
designs were different (Table 47). He notes that while the defined levels 
of accuracy in Table 47 may not be realistic, their spread indicates that 
direct comparisons of the raw data are not possible. The importance of 
this is well illustrated by referring to the suggested counting accuracy 
(11 per cent) for Frith's (1964) survey of red kangaroos in the Riverina. 
Frith and Calaby (1969:54) refer to this estimate as "reliably based and 
quite representative" and use it to demonstrate the scarcity of red 
kangaroos in the area at the time of the survey, despite farmers' claims 
to the contrary. The survey is certainly inaccurate and while it may 
well be reliable (precise), there is no way of utilizing the data unless 
they can be adjusted to comply with the other survey designs listed. 
Regardless of whether we treat aerial survey results as absolute totals 
(accuracy) or density indices (precision), the major problem is finding 
a standard which can be used as a base for comparisons (e.g. Edwards,
1954; Lovaas et a l ., 1966; Pennycuick, 1969).
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Speed (km/h) Height (m) Transect width per observer (m)
Per cent 
seen (a) Reference
145 90 590 11 Frith (1964)
13Q 9Q 430 28 Newsome (1965)
145 90 250 43 Bailey (1971)
160 75 200 48 Caughley 
et a i . (1976)
ta) as estimated by equation from Caughley et ai.,1976 
(refer Table 46).
Table 47 The dependence on survey variables of the 
percentage of red kangaroos seen on a 
transect in open country (from Caughley,
1979b : 19).
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5.7 Aerial Survey of Grey Kangaroos in Southern Queensland
5.7.1 Survey area and habitat zones
The survey estimated grey kangaroo density for the strip of country 
between 28° south latitude and the New South Wales border, being bounded 
in the west by the Warrego River and in the east by 150°45' east longitude 
(Figure 60). The area covered three and a half 1:250000 map sheets which 
formed a convenient base for aerial survey work. The western boundary 
corresponds with the limit of continuous distribution of the grey kangaroo 
in Queensland (Kirkpatrick, 1974). To the east the survey area bordered 
on an extensive belt of hilly, densely wooded country that precluded aerial 
survey.
A decision was made to divide the study area into broadscale habitat 
types (zones) and to base analyses and interpretation of the survey data on 
these natural regions. The relationship between grey kangaroo density and 
habitat on a local scale has been examined in Section 2. Few data are 
available, however, for relationships that may be present on a regional 
scale. Existing distribution maps for the eastern grey kangaroo (Frith 
and Calaby, 1969; Kirkpatrick, 1974) indicate that the animal has a wide 
ecological tolerance. It has been one of a few species of native fauna 
that have benefited from pastoral development (e.g. Frith and Calaby, 1969; 
Ratcliffe, 1970; Kirsch and Poole, 1972; Frith, 1973; Fox, 1974;
Kirkpatrick, 1974; Poole, 1975; Harrington et ai., 1979). This adaptability 
of the eastern grey kangaroo suggested that the broadscale approach to 
habitat mapping could provide meaningful information for examining the 
influence of environment on kangaroo density and distribution. Kangaroo 
habitat zones for New South Wales have been mapped using Landsat, band 7 
imagery. Fox (1974:87) found that the satellite data were valuable in 
identifying areas of land under monoculture and the distribution of 
remaining belts of scrub/timber. The habitat zones were defined on the 
basis of some dominating habitat characteristic. No study, however, has 
been undertaken to test the usefulness of such data.
The survey area was stratified into habitat zones using a Landsat, 
band 5 mosaic. Six major regions were identified from Landsat using 
standard procedures for manual interpretation of black and white imagery 
(e.g. Hill, 1979a). The habitat zones were defined on the basis of balance 
present between wooded and open country. Homogeneity and characteristic 
vegetation structure of the zones were checked against available air photo 
coverage (1:100000 photo-index maps), vegetation and land resource surveys
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(Isbell, 1956; Specht, 197Q; Pedley, 1974; Mills and Purdie, 1981) and 
preliminary aerial survey work in November, 1978. These independent data 
sources established that the zones defined on the satellite imagery were 
associated with broadly distinctive environmental regions. Actual 
boundaries marked on the map are, however, approximations. In most cases 
environmental gradients (ecotones) rather than sharp boundaries defined 
transitions between zones. The distinguishing characteristics of each 
zone are listed below. A broad cross-section of the grey kangaroo’s range 
in Queensland is represented by the area.
Zone 1 has been extensively cleared. The cracking clay soils and 
generally favourable rainfall patterns (550 - 600mm/yr) have provided 
scope for cropping and pastoral development. This area was originally 
dominated by low open-forests of brigalow (Acacia harpophyiia). Only 
scattered remnants of brigalow remain.
Zone 2 iS a distinctive Strip Of poplar box (Eucalyptus populnea) 
woodlands. Limited clearing has taken place. The massive earths and 
duplex soils have not been suited to intensive development. Average annual 
rainfall is 525 - 550 mm/yr.
Zone 3 is a broad area of more open country coinciding with the flood- 
plains of the Balonne and Moonie River systems. Alluvial soils support 
woodlands/open woodlands of poplar box and coolibah (e . microtheca) and 
natural grasslands. Ring barking of coolibah has been the major form of 
land improvement. To the north, near St George, cotton (irrigated) and 
wheat form the basis of a local area of arable land use. Average annual 
rainfall varies from 525mm in the northeast to 400mm in the southwest.
Zone 4 forms a transitional area between eucalypt dominance to the 
east and acacia in the drier west. Much of this zone features open forests 
Of gidgee (a . camhagei), bel ah (Casuarina cristata) Or mulga (A . aneura) 
on cracking clay soils, or woodlands of poplar box/ironbark (e . crebra) on 
massive earths. Limited clearing has taken place. Blocks of cleared 
country are readily visible on Figure 60. The gradations of grey for 
these areas on the mosaic represent various stages of regrowth. Rainfall 
varies from 450mm/yr in the north to 400mm/yr in the south.
Zone 5 has as its major distinguishing feature mulga woodlands on 
massive earth soils. Poplar box and poplar box/mulga woodlands are well 
represented. With an annual average rainfall of 350 - 450mm the woodlands 
are less dense than communities farther east although mulga stands often 
reach open-forest status. Clearing though widespread tends to be a
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temporary cycle with regrowth of woody species forming serai communities 
over much of the area.
Zone 6 marks a change to natural grasslands and acacia shrubland.
This zone is associated with the floodplain of the Warrego River. A 
sharp boundary does not exist between zones 5 and 6. The positioning of 
this boundary (Figure 60) marks the beginning of extensive areas of 
natural grasslands. Average annual rainfall varies from 350mm in the 
east to 325 mm in the west.
The use of Landsat to define habitat zones for the study area 
illustrates an important new data source available for wildlife research 
in Australia. With the opening of the Australian Landsat Receiving Station 
at Alice Springs in late 1979, satellite imagery for all the continent is 
now routinely recorded on an 18-day cycle. Given the scale of eastern grey 
kangaroo distribution, reliance on conventional aerial photography for 
comprehensive habitat mapping is not feasible. Usefulness of land systems 
type publications (e.g. Galloway et al., 1974) is also limited as these 
map climax vegetation which often bears little resemblance to patterns 
resulting from land use practices. The role of habitat in determining 
wildlife density and distribution is well documented (e.g. Dasmann, 1964; 
Giles, 1971; Western, 1976). Landsat is ideally suited to regional 
habitat surveys (e.g. Frentess and Frye, 1975; Falconer, 1979; Aldrich, 
1979). For this environment, Landsat photo-maps provide meaningful habitat 
information at a scale compatible with the requirements of aerial survey. 
The usefulness of Landsat in kangaroo study extends beyond the simple 
application used in this thesis. Research completed by the author 
demonstrates that satellite imagery offers promise as a means of monitoring 
the pasture trends that control kangaroo distribution (Hill, 1979b) and 
for detailed land cover and vegetation mapping (Hill and Hornibrook, 1981).
5.7.2 Design of the survey
Survey mechanics were standardized against those of Caughley et ai.
Cl977) to ensure that results would be comparable with censuses completed 
in New South Wales (Section 5.6.4). The aircraft, a Cessna 172, was flown 
at an altitude of 76 m and an airspeed of 160 km/hr . Two observers 
were used for the survey (left front and right back) each counting 
kangaroos in a ground strip of 200m (Figure 59). To define the counting 
strip, streamers were attached to the wing struts as described in 
Section 5.3.4 (Figure 57). The inner streamer was aligned with a strip 
of tape on the cabin window to provide a constant viewing angle during
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Figure 59 Procedure used for aerial census of grey kangaroos
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each flight. The aircraft was fitted with a standard pressure altimeter 
and although every care was taken to standardize aircraft altitude, some 
unmeasured bias could be expected from this source (Section 5.3.3).
From work conducted with the University of Sydney, 'Kangaroo Survey 
Unit', the counting efficiency of the author did not vary from that of 
R. Sinclair (refer Caughley et al., 1977). The other observer (A. Victor) 
was calibrated against the author following ten hours of in-flight training. 
While this may have been inadequate preparation (Section 5.4.2), Victor's 
counting rate had levelled off by this time. On the day before survey work 
began, a five-hour retraining session was held to provide both observers 
with current experience (Section 5.4.2).
Correction factors devised by Caughley et al. (1976) to compensate 
for kangaroo visibility in varying habitat types were used (Section 5.6.3). 
These were 2.08 for open country, 2.38 for medium woodland and 2.7 (an 
approximation) for dense woodland. The Landsat zones were relatively 
uniform in terms of cover density. Zones 1, 3 and 6 were predominantly 
open country (2.08), Zone 5 medium woodland (2.38) and Zones 2 and 4 dense 
woodland (2.7).
The survey comprised a series of belt transects flown across country 
with transects divided into 5 km sections of track. This produced 1km2 
counting units (5 km x 200m) for each side of the aircraft. Spacing was 
regulated by an electronic buzzer system. An interval of seven seconds 
separated each 5km section. During the seven-second gap between counting 
units, a record was made of kangaroos counted and habitat type traversed 
on the previous unit. This sequence also provided a brief break in 
concentration for observers and retarded the onset of fatigue. Transects 
surveyed were randomly selected without replacement by defining random 
starting points for each transect along the edge of map sheets.
Surveys were designed around 1:250000 map sheets which were used 
for navigation purposes. The maps provided an alternative stratification 
of the area to that offered by the habitat zones. In most cases, each 
survey flight comprised a series of transects traversing country portrayed 
by a whole map sheet. The start and end points of each transect were 
mapped accurately so that drift and speed variation could be monitored.
Where speed variation occurred, the discrepancy was averaged across the 
transect and the area of each counting unit adjusted to approximate actual 
area searched (5 ± x) km x 200 m .
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Surveys were flown from either St George or Warwick during the first 
three hours and last three hours of daylight. At these times of day, 
kangaroos are active and the low sun angle creates good contrast between 
the animal and its background (Sections 5.4.3, 5.4.4). Red kangaroos were 
easily distinguished from greys through reference to general body colour 
and colour of the tip of the tail and chest. The white tail tip and chest 
of the red kangaroo, as compared to dark tail tip and chest for the grey 
kangaroo, provide reliable cues to species identification from the air.
As illumination of ground targets varies with sun angle, orientation of 
transects was kept constant to standardize bias from this source. East- 
west transects were selected as most appropriate. With the sun behind the 
aircraft an illuminated image of kangaroos is obtained by looking forward 
along the flight path. With the sun in front of the aircraft a similar 
view is obtained by looking back along the flight path. Use of north-south 
transects forces one observer to look directly into the sun searching for 
animals illuminated on the far side.
Preliminary surveys which sampled sections of Zones 1 to 5 were 
conducted in November 1978. They indicated lower kangaroo density and 
more even kangaroo distribution for Zones 1 and 2 than in the country 
farther west. To gain some measure of balance between this information 
and available survey time, flights were arranged to provide six continuous 
transects crossing Zones 3 to 6 with two transects for Zones 1 and 2 
(Table 48). However, no attempt was made to make sampling intensity 
directly proportional to either habitat zone areas or preliminary estimates 
of kangaroo density per zone.
5.7.3 Data analysis and results
To produce a generalized map showing distribution of grey kangaroos 
across the study area, the SYMAP computer mapping programme (Dougenik 
and Sheehan, 1975) was used. The location of each transect was marked on 
a map sheet. Results for the two observers were pooled for each 5km unit 
(2km2). Visibility correction factors were applied to each of these totals 
depending on habitat structure of the individual unit. These figures were 
thenjconverted to kangaroos / km2 and plotted on the map at centroids of 
each sample unit (quadrat). These data along with coordinates for each 
centroid were fed into the mapping package.
Figure 61 illustrates the distribution pattern produced by the SYMAP 
programme. As the map is based on a sampling intensity of only 1.6 per cent, 
it should not be taken as an accurate guide to kangaroo density. The
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Zone Area
(km2)
No. of 
transects
No. of Sample Units 
(5 km sections)
Sampling 
Fraction (.%)
1 8,800 2 50 1.2
2 3,360 2 11 0.7
3 11,800 7 70 1.2
4 3,390 6 41 2.4
5 12,750 6 148 2.4
6 7,000 6 61 1.7
Total 47,100 29 381 1.6
Table 48 Habitat zone areas and distribution of 
sampling (August, 1979).
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density pattern for Zones 1 and 2 for example is based on only two 
transects (Table 48). SYMAP's interpolation algorithm has generalized 
the intervening areas. Imprecision is particularly noticeable in the 
north-south axis of the map. Confining interpolation to the separate 
habitat zones may have produced unwarranted homogeneity. Therefore, the 
map was programmed without reference to habitat boundaries.
A range of possible strategies was considered for computing population 
estimates. The simplest of these was to base calculations on transect 
totals. The individual observations (quadrats) along each of the 
discontinuous transects were summed to provide a single observation per 
transect. Calculations based on transect totals are straightforward and 
the standard method used for aerial survey data. However, because sample 
sizes are often small (Table 48 for the present study), the reliability of 
the estimates may be questionable. Jolly's (1969:47) suggestion that a 
'pooled mean square' may be used when sample sizes are less than 10 is 
not a justification for the approach. Rather, it is the recognition of 
a situation where little else can be done with the data (refer following). 
With limited degrees of freedom available for variance estimates and 
significance testing, it may also be difficult to make meaningful 
comparisons between separate surveys or sections (e.g. habitat zones) 
within a survey.
With the present data analysed by the standard transect method 
(ratio method; Jolly, 1969a), the degrees of freedom for each zone are 
derived from transects per zone (df = n-1; refer Table 48). Although 
standard error estimates per zone may well appear satisfactory with such 
small degrees of freedom, the inadequacy becomes immediately apparent if 
the 95 per cent confidence interval is calculated. For example, with 
Zones 1 and 2 the appropriate t value is 12.7. These zone estimates may 
not be critical as the aim of the survey was primarily to gain a density 
estimate for the area as a whole. While population total and variance 
for the area can be found by summing estimated population and population 
variance respectively for the habitat zones, a similar procedure cannot be 
follpwed in the case of degrees of freedom for the combined estimate. The 
appropriate method of defining degrees of freedom in this situation is 
given by Cochran (1963:95) as:
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where
df = var /
■E[g-2 var.2/ (n. -1)]
(Area of zone^
n.. = number of transects in zone^ .
In this case approximately three degrees of freedom are associated with 
the population estimate for the survey area. In statistical termsvthis 
situation is far from satisfactory. Two possibilities for improving on 
this situation were examined. The first involved the use of the individual 
quadrats (within transects) as independent samples and the second the use 
of a common estimate of variance (with its associated degrees of freedom) 
in average transect density for all zones.
With the present survey where transects comprised a series of sub­
samples (quadrats) an ideal strategy in terms of maximizing sample size 
would be to base calculations on the quadrats themselves. The method is 
appropriate providing:
1. the quadrats within each transect can be treated as 
independent, sampling entities.
2. the variability in quadrat totals (on a zone basis) 
within transects is similar to variability between 
transects; and
3. average densities per quadrat (on a zone basis) do not 
differ between transects.
While the transects were randomly located, quadrats systematically spaced 
along these are not independent. A perusal of the data suggested, however, 
that there was little reason to suspect significant relationships between 
kangaroo density for consecutive quadrats along transects. None of the 
correlation coefficients approached the 0.05 probability level (Table 49). 
These data were further analysed on a zone basis to test whether the 
sample correlations were representative of a common population correlation 
(Snedecor and Cochran, 1967:186). The test is based on a general result 
that if the k normal variates tj are all estimates of the same mean u, but 
have different variances a2, then,
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Number of
Zone Transect paired quadrats r r C.Û5)
1 1 23 .2160 .4227
2 25 -.2119 .3809
2 1 4 .8581 .95
2 5 .5404 .8783
1 4 -.0084 .95
2 6 -.0246 .8114
3 6 .2085 .8114
3 4 5 .4241 .8783
5 11 -.5398 .6021
6 23 .4057 .4227
7 8 -.2829 .7067
1 4 .3325 .94
2 7 -.0661 .7545
4 3 6 .0913 .8114
4 5 .3561 .8783
5 7 -.3126 .7545
6 6 -.4099 .8114
1 29 -.1328 .3809
2 34 -.0403 .3494
5 3 31 .2025 .3494
4 19 .2167 .4555
5 18 -.0971 .4683
6 11 .0289 .6021
1 4 -.3222 .95
2 6 -.2169 .8114
6 3 7 -.2588 .7545
4 8 .0663 .7067
5 14 -.0869 .5324
6 16 -.1763 .4973
Table 49 Correlation between kangaroo density in consecutive 
quadrats along each transect.
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/ Ew-¡
is distributed as with (k-1) degrees of freedom
where
wi = weight for the i th transect (number 
of quadrats -3);
z. = correlation coefficient (r^) for consecutive 
quadrats within the i th transect, converted 
to a z- value;
zw = sum of weighted z's (Zw-j z.¡) divided by the 
sum of the weights (Ew-¡); and
k = number of transects.
Results are displayed in Table 50. In the case of each zone there 
was no significant departure from what could be expected if the sample 
correlations were drawn from a common population. In practical terms 
(Tables 49, 50) little statistical bias could be expected from treating 
quadrats along the transects as independent samples.
Variability in quadrat totals between transects within each zone was 
analysed using Bartlett's test of homogeneity of variance for samples 
with differing degrees of freedom (Snedecor and Cochran, 1967:296).
where f. = degrees of freedom for the i th transect (quadrats - 1 );
a = number of transects.
Because of the range of absolute densities involved, the data were 
log transformed [loge(n+l)] before applying Bartlett's test. The analysis, 
therefore, examined the relationship between proportional variances.
Results are displayed in Table 51. There was no significant difference 
in the proportional variance between transects within each zone. Use of 
the same procedure with the untransformed data demonstrates that they are
M = 2.3Q26 [(Zf.) log s2 - Z f i log s^] (i2 = Z fi s^ / l  f,.)
p
M/C is X  with (a-1) degrees of freedom
2
s^  -variance of the i th transect; and
238
Zone / df P
1 1.96 1 .25
2 0.31 1 .75
3 7.24 6 .5
4 1.29 5 .95
5 2.54 5 .9
6 0.38 5 >.995
Table 50 Test of the hypothesis that within 
each zone the correlations between 
consecutive quadrats along transects 
are drawn from a common population 
correlation.
Zone df P
1 Q.Û2 1 .75
2 1.85 1 .25
3 1Q.94 6 .1
4 6.62 5 .5
5 8.61 5 .25
6 3.95 5 .75
Table 51 Bartlett's test of homogeneity of 
variance for within zone variability 
in transect counts (log transformed)
Zone df P
1 18.07 1 .005
2 2.21 1 .25
3 13.98 6 .05
4 11.16 5 .05
5 10.95 5 .1
6 32.35 5 .005
Table 52 Bartlett's test of homogeneity of
variance for within zone variability 
in transect counts (untransformed data)
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not amenable to this approach (Table 52). Highly significant departures 
from a common variance are evident in the majority of cases.
The homogeneity in quadrat density between transects within each zone 
was assessed by analysis of variance. The log transformed data from the 
previous test (Bartlett's test) were used for this purpose. Results 
demonstrated that quadrats could not be used as the sampling units (Table 53) 
There were significant differences (P < 0.01) in quadrat density between 
transects in two of the six zones. In an additional two zones the variance 
ratio, though not significant, was greater than one, indicating that the 
variation between transects was greater than the variation within transects.
Therefore it became necessary to 'move up' to transect densities as 
possible sample units for analysis. It is worth noting, however, that 
there appeared to be little relationship between density of consecutive 
quadrats along transects (Tables 49, 50). Further testing of all possible 
combinations of quadrats is suggested. If the independence of quadrats 
could be established, the use of a quadrat based approach would be valid. 
This option was not pursued as part of this study. Given the small sample 
sizes involved (transects) it was decided to restrict data analysis to 
procedures that were entirely appropriate in statistical terms. The more 
attractive analysis option based on quadrats was discarded.
The transects were random and the primary sampling units used in the 
survey. To use average kangaroo density per transect as the base to 
further calculations the only criterion which needed to be met was that 
variability in average transect density between zones was similar. The 
similarity in proportional variance between transects within each zone had 
already been established (Table 51). It was appropriate, therefore, to 
use Bartlett's test to analyse variability between zones on the basis of 
average density per transect (log n). There was no significant difference 
in proportional variances between the zones (X = 8.62, df = 5, P = .25).
This result indicated that:
1 . comparisons between average kangaroo density per zone
(log transformed) were possible using within zone variability 
(between transects);
2. estimates of the variability of population totals per zone 
could be based on a common estimate of variance (per 
transect) derived from the full data set (6 zones); and
3. the degrees of freedom associated with this common variance 
applied to the variance of the population estimate for each 
zone and the area as a whole.
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Zone Source SS df MS F P
B transects 19.72 1 19.72 19.66 <.01
1 W transects 48.13 48 1.003
Total 67.85 49
2 B transects 0.039 1 0.039 0.07 NS
W transects 4.915 9 0.546
Total 4.954 TO
3 B transects 7.83 6 1.305 1.44 NS
W transects 57.04 63 0.905
Total 64.87 69
4 B transects 15.57 5 3.114 4.53 <.01
W transects 24.06 35 0.687
Total 39.63 40
5 B transects 6.1 5 1.22 1.64 NS
W transects 105.5 142 0.743
Total 111.6 147
6 B transects 2.46 5 0.492 0.47 NS
W transects 58.03 55 1.055
Total 60.49 60
Table 53 Analysis of variance assessment of the 
homogeneity in quadrat density between 
transects within each zone.
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Kangaroo density per zone (Table 54)
Analysis of variance was performed using average kangaroo density 
per transect (1oge transformed) with each transect weighted according to 
the number of quadrats involved. This demonstrated that there was a 
significant difference in kangaroo density between the six zones (Table 55). 
Differences in density on a zone to zone basis were compared using t tests 
(Table 56). The 23 degrees of freedom associated with the within zones 
mean square from Table 55 were used to test the significance of each t 
value. Estimates of (loge) average density and standard errors per zone 
presented in Table 54 were obtained from the analysis of variance routine.
For Zones 1 and 6 the habitat boundaries coincide with marked changes 
in kangaroo density. The pattern is also well delineated in Figures 60 
and 61. No significant difference exists between average kangaroo density 
for Zones 1 and 6 and each is significantly different from Zones 2 to 5 
(Table 56). The habitat structure of these zones is similar despite the 
300km which separates them. Both feature extensive belts of open country 
with little tree cover (man induced for Zone 1 and natural for Zone 6).
No significant differences in grey kangaroo density exist between 
Zones 2, 3, 4 and 5 (Table 56). Zones 2 and 4 feature a similar habitat 
structure of dense cover with limited areas of open country. Both support 
higher kangaroo density than do Zones 1 and 6. These zones (2 and 4) are 
separated by Zone 3, the habitat structure of which most closely 
approximates that of Zones 1 and 6 although cover is denser and more 
evenly distributed. Zone 5 returned the highest kangaroo density for 
the survey area. The difference in density between this zone and Zones 3 
and 4, while not statistically significant at usually accepted levels 
(Table 56), is at least suggestive (P < .2). This zone of mulga country 
represents a balance between the high cover (Zones 2 and 4) and high forage 
(Zones 1 and 6) habitats. The kangaroo density data suggest that this 
habitat balance may provide the most favourable environment for grey 
kangaroos in the area surveyed.
While the sample design was not well suited to comparisons of kangaroo 
density between habitat types, results obtained suggest that habitat 
preferences at a local scale (Section 2) are also evident at a regional 
scale. The importance of cover to grey kangaroos is reflected by the low 
densities recorded for Zones 1 and 6 (open country) and the significantly 
higher densities returned by Zones 2 to 5. Habitat structure of Zone 5 
most closely approximates the balance between cover and forage associated 
with highest kangaroo densities at Durikai (Section 2) and this zone
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Zone
Quadrats 
per transect
Av. density per 
transect (roos/km2)
(loge)
Av. density per zone
S.E. mean log 
density per transect
1 23 10.96 1.67 0.2242
25 2.727
2 4 17.0 2.88 0.5178
5 18.75
4 6.06
6 10.43 —
6 19.07
3 5 13.17 2.721 0.1957
11 18.61
23 14.47
8 25.54
4 6.56
7 17.89
6 36.01 2.728 0.2626
4 5 7.35
7 21.99
6 11.51
29 19.26
34 23.29
31 31.17 3.115 0.1304
5 19 18.66
18 21.84
11 17.97
4 3.456
6 2.529
7 9.25 1.457 0.2095
6 8 2.622
14 4.513
16 4.835
Table 54 Average kangaroo densities per transect and loge transformed 
densities per zone (August, 1979).
Source SS df MS F P
B *z.ones 152.19 5 30.44 12.63 <.01
W zones 55.51 23 2.41
Total 207.7 28
Table 55 Analysis of variance (weighted) assessment of the difference 
in average kangaroo density (loge transformed) per transect 
between habitat zones (August, 1979).
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Zones t P
(df = 23)
1 and 2 2.16 0.05*
2 and 3 0.3 0.77
3 and 4 0.02 0.98
4 and 5 1.32 0.19
5 and 6 6.72 <0.001*
1 and 3 3.53 0.01*
1 and 4 3.07 0.01*
1 and 5 5.57 <0.001*
1 and 6 0.69 0.5
2 and 4 0.28 0.78
2 and 5 0.43 0.43
2 and 6 2.56 0.02*
3 and 5 1.68 0.11
3 and 6 4.41 <0.001*
4 and 6 3.79 <0.001*
* difference significant < 5 per cent level
Table 56 Differences in average kangaroo density per 
zone (loge transformed) assessed using t 
tests (August, 1979).
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supports the highest grey kangaroo densities for the survey area. 
Similarities between kangaroo density for Zones 2 to 5 may be seen to 
substantiate the findings of Section 2 that differing habitat structures 
can support similar densities of grey kangaroos.
Kangaroo population estimates
Because variability was found to be reasonably consistent on a log 
scale but not on the scale of measurement, standard methods of deriving 
estimates of kangaroo numbers per unit area and their variances must be 
modified. Taking into account the constant proportional variance and a 
situation where there are equal sized sample units (transects), the best 
estimate of density within a zone is (see Causton and Venus, 1981:24):
In the present case, however, the influence of transect length must be 
taken into account. The estimate of density in the i th zone, j th 
transect is:
e ( x i  +  o 2 / 2 )
Var (
N £ N, A, / £ A,
Var (Ñ) = E A.2 Var (Ñ.) / (E A.) 2
where xi = weighted mean of log density in zone i,
transects weighted for number of quadrats;
n . • = number of quadrats in the j th transect
■ J
of the i th zone;
2
a = estimate of variance (log density) for
transect with one quadrat (a2 = 2.41, from 
weighted ANOVA);
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N.. = estimated density in the j th transect of
the i th zone;
m.j = number of transects in the i th zone;
Ñ.j = estimated average density in the i th zone;
Ñ = average density in the whole population; and
A- = area of the i thzone.
The method was used to provide estimates of kangaroo population and 
variance per zone and for the whole survey area (Table 57). Data analysis 
based on the above approach does not provide separate estimates of the 
variability in different zones, so this approach could not be used if 
comparisons of variability were of primary interest. However, it is worth 
noting that the justification for the approach rests primarily on the 
finding that proportional variances in density across transects within 
zones were not significantly different. On an untransformed scale the 
variances would obviously be quite different. In view of this it seems 
quite likely that by far the most important factor giving rise to different 
patterns of variability is different kangaroo densities; if so, analysis 
on a log scale may greatly simplify the interpretation of population 
estimates, as has occurred here.
November, 1978 survey
For the data collected during the preliminary survey in November, 1978 
a similar sequence of data analysis was followed to that for the 1979 survey 
The 1978 survey concentrated on Zones 2, 3 and 4 and the ecotone areas 
between Zones 4 and 5; 2 and 1. Population estimates were possible for 
Zones 1 to 4 (surveyed in full).
Bartlett's test of homogeneity of variance detected no significant 
difference in proportional variances within any of the four zones (Table 58) 
and there was no significant difference in proportional variances between 
the zones (X^ = 2.71, df = 3, P = .5). It was possible, therefore, to 
compare kangaroo density between zones on the basis of average kangaroo 
density per transect (log transformed) by weighted analysis of variance 
(Table 59). There was a significant difference in kangaroo density between 
the four zones. Analysis of variance was also used to obtain variance 
estimates for each zone (Table 60). Differences in kangaroo density on a 
zone to zone basis were compared using t tests (Table 61). The 14 degrees 
of freedom associated with the within zones mean square from Table 59 were
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Zone
Population Estimate 
(N) S.E.
Av. density 
(roos/km2)
1 49.154 11,297 5.6
2 78,270 46,665 23.3
3 205,630 43,595 17.4
4 63,832 18,703 18.8
5 315,124 40,450 24.7
6 34,349 7,760 4.9
Total 746,359 79,070 15.9
Table 57 Grey kangaroo population estimates for 
the study area (August, 1979).
Zone x 2 df P
1 0.014 1 .95
2 1.41 3 .75
3 1.3 6 .975
4 1.16 3 .9
Between Zones X2 = 2.71 df = 3 P =
Table 58 B a rt le t t 's  test of homogeneity of
variance for within zone v a r ia b ility  
in transect counts (November, 1978).
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Source SS df MS F P
B. zones 58.25 3 19.417 6.24 <.01
W. zones 43.55 14 3.111
Total 101.8 17
Table 59 Analysis of variance (weighted)
assessment of the difference in 
average kangaroo density (loge 
transformed) per transect 
between habitat zones (November, 1978).
Quadrats per 
transect
Av. density per 
transect (roos/km2)
(loge)
Av. density 
per zone
S.E. mean log 
density per transect
15 6.247
15 2.013 1.13 0.2629
15 2.36
6 1.233
8 3.038 1.281 0.3394
6 10.083
7 4.529
13 6.646
18 14.406
5 10.9
19 15.989 2.385 0.1891
7 6.429
19 8.826
6 14.117
8 5.189
5 3.84 2.066 0.3275
8 9.75
8 15.275
Table 60 Average kangaroo density per transect and
loge transformed density per zone (November, 1978).
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Zones t P
(df =
1 and 2 0.35 .73
2 and 3 2.84 .02*
3 and 4 0.84 .42
1 and 3 3.88 .01*
1 and 4 2.23 .05*
2 and 4 1.66 .11
Table 61 Differences in average kangaroo density
per zone (1oge transformed) assessed using 
t tests (November, 1978).
Zone
1979
mean (var)
1978
mean (var) t P
1 1.67 (0.2242) 1.13 (0.0691) 1.0 .32
2 2.888 (0.2681) 1.281 (0.1151) 2.6 <.02*
3 2.721 (0.0382) 2.385 (0.0351) 1.24 .22
4 2.728 (0.0689) 2.066 (0.1072) 1.58 .13
* significant difference < 5 per cent level
Table 62 Differences in average kangaroo density 
per zone (loge transformed) between 
August, 1979 and November, 1978.
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used to test the significance of each t value. There were significant 
differences in kangaroo density between Zones 2 and 3, 1 and 3 and 
1 and 4. For Zones 2 and 4 the probability level just failed to reach 
the 0.1 per cent level.
A comparison was made between these data (Table 60) and the 
corresponding data from the August, 1979 survey (Table 54). While there 
was no significant change in kangaroo density for Zones 1 and 3 (low 
cover habitats), a significant difference was evident for Zone 2 (a high 
cover habitat). For Zone 4, the other high cover habitat, there is also 
a strong likelihood that an increase in density occurred between the two 
surveys. Results are presented in Table 62.
Estimates of kangaroo population and confidence interval per zone and 
for the combined zones were obtained as for the August, 1979 survey. 
Estimates for each zone and the total area are based on 14 degrees of 
freedom (Table 59). Results are presented in Table 63. There was a 
significant change in the estimated kangaroo population for Zones 1 to 
4 between November, 1978 and August, 1979 (t = 2.29, df = 37, P =<0.05). 
An interpretation is presented later in this chapter.
Caughley's survey, May, 1980
Caughley (pers. comm.) conducted an aerial survey of kangaroo density 
in the southern half of Queensland during May, 1980. Data from this survey 
could be compared, therefore, with the results from the two surveys 
described previously. Caughley's survey was designed around degree squares 
(Io lat. X Io long.) each sampled by two transects. The area covered by the 
survey could not be matched exactly to the author's study area because the 
degree squares overlapped the eastern and western edges by approximately 
15 minutes of longitude and in the southeast included country within New 
South Wales. The degree squares were adjusted where necessary to 
accommodate these differences and the average densities and standard 
errors supplied by Caughley extrapolated to obtain an approximate estimate 
of the grey kangaroo population for the survey area. There was no 
significant difference (t = 0.18, df = 25, P = NS) between this estimate 
[768 667 ± 98 751 kangaroos (N±S.E.)1 and the estimate from August, 1979 
(746 359 ± 79 070). Although statistical comparisons between average 
kangaroo density per zone for the two surveys were not possible, a similar 
distribution pattern is evident (Figure 62).
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Zone Population Estimate 
(N)
S.E. Av. density 
(roos/km2)
1 30 217 8 374 3.4
2 15 237 5 837 4.5
3 145 600 29 672 12.3
4 33 192 12 197 9.8
Total 1978 224 245 33 666 8.2
Total 1979 396 886 67 495 14.5
(Zones 1-4)
Table 63 Grey kangaroo population estimates for 
zones 1 to 4 (November 1978).
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Average kangaroo density (per km2) by habitat zone (Hill,August 1979)
Average kangaroo density (per km2) by degree square. (Caughley,May 1980)
Figure 62. A comparison between grey kangaroo distribution as defined by 
the survey in August 1979, and Caughley's survey in May 1980.
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5.7.4 Discussion
Kangaroo density
As demonstrated previously by Caughley et al. (1977, 1981), regional 
surveys of kangaroo populations, conducted at low intensity (sampling 
fraction < 2 per cent), return density estimates which are precise enough 
for most management applications. For the current study (Table 57) the 
standard error associated with the population estimate for the study area 
was approximately 10 per cent (95 per cent C.I. - 22 per cent). The survey 
also established that kangaroo density levels are high over most of the 
area monitored. Grey kangaroo density estimates for adjoining areas in 
New South Wales are much lower (Fox, 1974; Caughley et al., 1977). The 
surveys of Caughley et al. (1977), conducted in 1975 and 1976 indicate 
densities of less than ten grey kangaroos per km2 for the entire strip 
directly south of the border.
Caughley et al. (1979) found that the grey kangaroo population of 
New South Wales increased by 29 per cent between 1975 and 1977. Allowing 
for a continuation of this growth pattern to 1979, densities of grey 
kangaroos for the study area would still be higher than those for adjoin­
ing areas in New South Wales. The reliability of the survey result and 
the aerial survey technique itself is supported by Caughley's (pers. comm.) 
survey of the same area in May, 1980. Similar population estimates were 
obtained from the two studies. Conversely, the survey completed by the 
author in November, 1978 produced a population estimate that was 
significantly lower than the result of August, 1979. An assessment of 
these similarities and differences is provided in the following section.
Kangaroo distribution
Aerial survey by habitat zone is an application of stratified 
sampling. A well established method, it is employed to divide a survey 
area into units of manageable size, to reduce sample error by zoning into 
areas of hypothesized similar animal density (Norton-Griffiths, 1975a) or 
separate the area into units presenting common problems of counting 
(Watson et ai., 1976). In the present context, stratification into zones 
that are relatively homogeneous in terms of the visibility correction 
factors that are to be applied is in itself a useful approach. However, 
the usefulness of the zones in defining areas of differing kangaroo 
density is a more important consideration.
As outlined in the results section, there was a significant difference 
in kangaroo density between the habitat zones for both surveys (Tables 55
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and 59). This supports the case that aerial surveys designed around 
broadscale habitat types will return more precise estimates of kangaroo 
density than an approach based on arbitrary stratification (e.g. by map 
sheet). While the methods used were not based on optimum allocation of 
sampling, the results obtained suggest that substantial gains in precision 
should accrue from such an approach.
For broadscale aerial survey of kangaroos some form of stratification 
of the survey area is necessary. Ideally, from the statistical viewpoint, 
the survey area should be stratified according to animal density. Prior 
knowledge of animal density and distribution is, however, difficult to 
obtain and prohibitively expensive (e.g. Sinclair, 1972; Norton-Griffiths, 
1973, 1975b; Bell et al., 1973; Blackman, 1979). Other than survey by 
habitat zone or map sheet, another possibility would be to group counting 
units (5km sections) into visibility strata. That is,combine observa­
tions for open country, medium cover woodland and dense woodland to produce 
three strata. This approach, however, appears very limited. For example, 
average density for isolated sections of open country in Zones 4 and 5 is 
19.8 kangaroos/km2 compared with 4.9 kangaroos/km2 for the adjoining 
Zone 6 which comprises almost entirely open country. These average 
density estimates (log transformed) are significantly different (t = 3.52, 
df = 28, P < 0.005). There is no association between kangaroo density 
and habitat as such unless the habitat of a sample unit is considered in 
its regional context.
Although the above arguments support the use of habitat zones for 
aerial survey, the kangaroo density data for the August, 1979 survey 
(Figure 61, Tables 56, 57) demonstrate that only limited relationships 
exist between kangaroo density and adjoining habitat zones. For example, 
despite differences in habitat structure there is no significant difference 
in kangaroo density between Zone 3 (open woodland) and Zones 2 and 4 
(woodland/open forest). With Zone 5 (woodland/open woodland) there is 
only a reasonable expectation (P = .15) that kangaroo density differs 
significantly from that of Zones 3 and 4. A like pattern of similarity 
between these zones was not present for the preliminary survey of 
November, 1978 (Tables 61, 63). There was a significant difference in 
density between Zones 2 and 3 with a reasonably conclusive difference 
(P = 0.11) between Zones 2 and 4. Another anomaly between this pilot 
study and the final survey is outlined in Table 62. While there is no 
significant change in density between the two surveys for the low cover 
habitats (Zones 1 and 3), there is an increase in density for the high
254
cover habitats (Zones 2 and 4). The survey design used on both occasions 
was more appropriate to obtaining population estimates for the entire 
survey area than comparisons between habitat zones. The available data 
indicate, however, that there were significant changes in both kangaroo 
density and distribution between the two surveys. The differences, and 
the similarity between the August, 1979 survey and Caughley's from May, 
1980 provide additional data for assessing the usefulness of the habitat 
zones for aerial survey and the reliability of aerial survey techniques 
themselves.
It is unlikely that natural population growth between November, 1978 
and August, 1979 was responsible for the variation between the two surveys 
Grey kangaroos breed throughout the year although a well defined summer 
maximum exists (Figure 63). A high proportion of the young from the 
summer of 1977/1978 would have already left the pouch by November, 1978 
whereas most of the 1978/1979 young would still have been in the pouch 
in August, 1979. If natural recruitment was responsible for the increase, 
it would be reasonable to expect that all sections of the study area 
(zones) would have experienced a similar proportional increase. This was 
not the case; only the densely wooded habitats (Zones 2 and 4) showed a 
significant population growth (Table 62).
The study area supports the highest kangaroo harvests (commercial 
shooting) in Queensland. While it is not possible to accurately relate 
Queensland harvest statistics to numbers of kangaroos shot in specific 
areas of the state, the numbers of grey kangaroos harvested in Queensland 
in 1978, 1979 and 1980 were reasonably similar. For the 'Kangaroo Regions 
(Queensland National Parks and Wildlife Service) incorporating the survey 
area, the harvest for grey kangaroos increased from approximately 219000 
in 1977 to 344 000 in 1978 and 481 000 in 1979 with a total of 478 000 in 
1980. Given the impact of the kangaroo shooting industry and the low 
reproductive potential of grey kangaroos, it is unlikely that substantial 
growth in kangaroo populations would occur from one year to the next.
If variations in counting efficiency by the survey team are also 
discounted as the cause of the discrepancy between the November, 1978 and 
August, 1979 surveys, a possible explanation may be found in the seasonal 
movement patterns of grey kangaroos (Section 3). Current aerial survey 
techniques for kangaroos rely on correction factors that estimate kangaroo 
visibility (proportion of those present that are actually seen) according 
to habitat type (Section 5.6.3). Caughley et al. (1977) have pointed out 
that the accuracy of these correction factors is not vital. Biased
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Figure 63. Breeding activity in two populations of grey kangaroos 
in Queensland, 1959 -  1964.
- (From Kirkpatrick, 1965b:323)
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estimates can provide valid density indices (rather than absolute totals) 
providing survey design is standardized. Areas of similar habitat 
structure can be compared directly with at least some allowance made for 
difficulty of sighting in the particular habitats which facilitates 
comparisons between habitats. This system, which accepts possible error 
in the correction factors, will only be valid, however, if kangaroo 
distribution and visibility within each habitat remain constant. If for 
a given mix of habitat types the proportion of the total kangaroo 
population using each changes substantially over time, inaccuracies in 
the correction factors will be compounded and directly influence population 
estimates. A similar result will occur if the ease of sighting animals 
within any habitat type varies over time. These are possibilities that 
have not been adequately researched.
Inadequacies in the correction factors resulting from seasonal 
influences have been noted particularly for red kangaroo surveys. For 
example, Giles (Denny, 1979) notes gross changes in apparent density of 
red kangaroos in Sturt National Park (New South Wales) within a three-month 
interval. He attributed the discrepancy to animal movements between 
different habitats. Bayliss and Giles (unpub.) recorded similar 
fluctuations for surveys conducted in Kinchega National Park (New South 
Wales). Bayliss (pers. comm.) related the variation in aerial counts to 
the use kangaroos make of shade at different times of the year. In winter 
kangaroos are more active during daylight hours and spend more time sunning 
themselves in the open. A higher proportion of the animals actually 
present are seen at such times than in summer when they are more lethargic 
and seek out shade. It is also suggested in Low et al. (1981) that aerial 
surveys of red kangaroo density held at different times of the year will 
return biased estimates because of changes in the seasonal distribution 
patterns of the animals.
These observations demonstrate that the correction factors devised by 
Caughley et al. (1976) may not be consistent over time for any one habitat 
type. If this is the case, the correction factors do not fulfil their 
intended role and will not provide standardized estimates of kangaroo 
density. Therefore, differences between results from the three aerial 
surveys of the study area could be due to changes in habitat usage by 
kangaroos rather than changes in overall kangaroo numbers.
Section 3 establishes that grey kangaroos follow well defined cycles 
of seasonal distribution. When green forage is plentiful, kangaroos are 
largely confined to wooded habitats. With the onset of drought, animals
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move out into cleared country to feed. Aerial surveys of kangaroos are 
conducted at times that coincide with active feeding sessions of the 
animals (early morning or late afternoon). It follows that surveys held 
during different seasons will sample different distribution patterns as 
the animals will be located (feeding) in different habitats.
Viewed from this perspective, the three aerial surveys of the study 
area fit a logical sequence. At the time of the November, 1978 survey 
environmental conditions were particularly favourable. There was ample 
forage available for kangaroos and only a small proportion of animals 
were using cleared country (Figures 34 and 35). It is also reasonable to 
assume that with summer temperatures there would have been a tendency for 
kangaroos to seek out shade early in the day. Both these factors would 
favour a low count of kangaroos if the standard correction factors used 
were invalid.
By August, 1979 drought conditions were being experienced and heavy 
usage was being made of cleared country (Figures 34 and 35). Cool 
temperatures in the early morning and late afternoon would also have 
favoured kangaroos remaining out in the open rather than seeking shade.
Both these factors would favour a high count of kangaroos.
By May, 1980 (Caughley's survey) the drought had not broken. The 
faecal pellet data demonstrate that with the onset of drought grey 
kangaroos adopt a distribution pattern that remains constant for the 
duration of the drought cycle (Section 3.5). A similar distribution 
pattern to that of August, 1979 could therefore be expected for the May, 
1980 survey. This is reflected in the similarity between the two estimates 
of grey kangaroo density. The aerial survey data presented are limited and 
the interpretation drawn from them must be treated with caution. These 
data together with the other information presented, however, suggest that 
the conclusions reached are sound. The similarity in population estimates 
for the August, 1979 and May, 1980 surveys and the significantly lower 
population estimate for November, 1978 is a result of seasonal movement 
patterns of grey kangaroos and the inadequacy of the visibility correction 
factors used as a means of accommodating these variations in distribution.
A further assessment of the impact of changes in seasonal conditions 
on aerial survey estimates of kangaroo density and distribution is 
presented in Figure 64. These maps illustrate habitat and kangaroo 
distribution for a section of Zone 4 and the bordering Zones 3 and 5 
(refer Figure 6Q). As can be seen from the Landsat imagery, the habitat
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Figure64. Changes in grey kangaroo density and distribution (aerial survey results) between 
November 1978 and August 1979 in the Bol Ion - St. George area.
259
zones are not homogeneous in terms of tree cover. Zone 4 for example, 
while dominated by heavily wooded country (dark tones) also features 
partially cleared areas, cleared areas and blocks of regrowth (lighter 
tones).
The SYMAP extracts are based on five transects within the map 
boundary for November, 1978 and four transects for August, 1979 with 
data points outside the map boundaries also taken into account for 
interpolation purposes. Despite the gross nature of the sampling, clear 
relationships are evident between kangaroo distribution and habitat 
structure. For Zone 4 which underwent a significant growth in population 
between the two surveys (Table 62), the areas of greatest increase are 
associated with areas of less dense tree cover or ecotone areas. This 
suggests that animals confined to densely wooded habitats where they were 
not visible in November, 1978 had moved into habitats where they were 
more readily counted (August, 1979).
Another aspect of this seasonal migration on a broader scale is 
illustrated in Figure 61. Belts of high kangaroo density are associated 
with both the eastern and western extremities of Zone 1. Animals have 
moved out of the more heavily wooded country bordering Zone 1 into 
habitats of higher forage availability. There was no evidence of this 
distribution pattern at the time of the November, 1978 survey.
The results explain the commonly held view of farmers in Queensland 
(e.g. Lavery et ai., 1981) that kangaroos "move in from the west" during 
drought (and presumably return "to the west" when the drought breaks).
While this may be a valid assessment for the western edge of Zone 1 it is 
patently false in most circumstances. Grey kangaroos follow well defined 
seasonal movements on the local scale (Section 3). The large-scale 
migration perceived by many country people is a result of kangaroos 
confining themselves to wooded habitats during favourable seasons (low 
visibility) and moving into cleared country during drought (high visibility) 
Changes in visibility (conspicuousness) are reflected in the aerial surveys.
If habitat structure does interact with seasonal conditions to 
influence aerial counts, a knowledge of the extent of specific habitat 
balances is a necessary prerequisite to successful standardization of 
this source of variation. Surveys based on habitat zones, as used in 
this study, are therefore required.
Clearly, the usefulness of the visibility correction factors currently 
used for aerial survey of kangaroos is doubtful at least within the area
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utilized for this study. While the data suggest that serious bias related 
to habitat type is not likely to occur for open country, the same is not 
true for wooded habitats. As it is these habitats that are preferred by 
grey kangaroos and are associated with the highest densities of the 
animal, a reappraisal of the role of aerial surveys in grey kangaroo 
population monitoring is warranted.
Correction factors may be valid for wooded habitats if separate 
estimates of visibility can be derived for a range of seasonal conditions 
across each habitat type. The prospect of achieving such a goal for even 
a limited range of habitat types is daunting. Even if this could be 
achieved the role of variability in structure within specific habitats 
creates additional problems. The currently used correction factors are 
based on a limited range of wide tolerance habitat categories. Caughley 
(1979b) notes that the averaging may lead to error. Such a situation is 
to be expected and it is usually accepted that such error would be of 
little consequence in regional surveys. The data presented here, however, 
suggest otherwise. From Figure 64 it was shown that the increase in 
kangaroo density for Zone 4 (dense woodland) between the November, 1978 
and August, 1979 surveys was largely associated with patches of less 
densely wooded country within the zone. It is the intermingling of 
habitat types rather than the actual cover category of any one sample 
unit that is important. This is further illustrated by the marked 
difference in kangaroo density between Zone 6 (open country) and scattered 
sections of open country in Zones 4 and 5 and by Tables 56 and 61. While 
Zones 2 and 4 (both dense woodland) returned similar densities of grey 
kangaroos in August, 1979 (Table 56), different densities were suggested 
in November, 1978 (Table 61). The variation is related to differences in 
habitat structure within the zones and the influence of this on kangaroo 
visibility at different seasons.
If aerial surveys are to return reliable estimates of grey kangaroo 
density either accurate visibility correction factors must be available 
to adjust for seasonal shifts in kangaroo distribution or surveys must 
be conducted under similar seasonal conditions so that a similar distribu­
tion pattern is sampled on each survey. The foregoing argues that the 
first of these options does not apply at present. It is therefore 
suggested that aerial survey cannot be used to provide reliable, absolute 
estimates of grey kangaroo density. Reliable density indices may be 
possible providing standardization of survey design involves an assessment 
of environmental status as well as an assessment of the mechanical aspects 
of survey.
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Should this approach be followed the need for visibility correction 
factors (of doubtful accuracy) is removed. While this precludes realistic 
estimates of actual kangaroo numbers, a lack of absolute population totals 
is not necessarily a great drawback. For most wildlife applications, a 
knowledge of accurate population totals is neither possible nor necessary. 
Providing surveys can trace trends in the population the animal can be 
effectively managed (Caughley, 1977b).
For repetitive grey kangaroo surveys drought conditions probably 
provide the most consistent situation for aerial counts. As drought 
cycles are irregular, however, the scope for utilizing such conditions is 
limited. For most of Queensland's grey kangaroo habitats a minor 
seasonal drought occurs during winter. Even with wet winters the summer 
grasses which dominate native pastures in Queensland show little growth 
response. Winter is a time when grey kangaroos make heavy use of cleared 
country (Section 3). As this seasonal cycle is a regular one, surveys 
held at this time of the year offer the greatest scope for standardizing 
aerial survey results.
Under a system such as this, greater opportunity also exists for 
developing standardized correction factors because a single seasonal type 
is involved. Whether weightings are applied to counts from different 
habitats or not, population estimates (density indices) need to be related 
to the environments occupied. The value of aerial survey lies in its use 
as a tool for monitoring both the animal and the condition of its habitat 
(Lamprey, 1969). As Jarman (1979:111) points out, a census of kangaroos 
is only of value if the numbers obtained are interpreted in a distributional 
sense. Management should be devised around the interrelationships that 
exist between kangaroos and specific habitat types as used in this study.
As a final point, scope may exist for incorporating data relating to 
seasonal movement patterns (Section 3) into the visibility correction 
factors currently employed in aerial survey of kangaroos. The changes in 
aerial survey results discussed in the present study were successfully 
explained in terms of the trends in faecal pellet counts over the period 
of study. Synchronization of a series of aerial and pellet count surveys 
(assessing proportional usage of cleared and wooded habitats) for particular 
regions may allow weightings (based on pellet data) to be devised which 
could be applied in addition to the visibility correction factors (based 
on habitat type). A system such as this would involve a substantial research 
commitment. In the light of the present findings, however, some method of
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adjusting for seasonal factors must be developed if aerial surveys are 
to provide reliable results.
CONCLUSION
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The dissertation has been structured so that each section is a self- 
contained unit. Relevant conclusions have been presented within each of 
these sections. In the general summary of results which follows, attention 
is given first to the seven specific questions posed in the Introduction. 
The sequence of the questions outlines the approach taken in fulfilling the 
primary aims of the thesis which were to examine two interrelated 
hypotheses :
(a) that the habitat preferences of the grey kangaroo are 
governed by two basic components of the habitat utilized; 
namely, availability of shelter and forage reserves; and
(b) that variations in the quantity and quality of forage on 
a seasonal basis lead to (predictable) seasonal changes 
in the distribution pattern of grey kangaroos between 
habitats.
The research into grey kangaroo ecology necessitated an appraisal of 
the appropriateness of faecal pellet counts as a survey tool. The 
information gathered also provided opportunities to expand the scope of 
the project to incorporate the modelling of faecal pellet data and 
additional aspects of grey kangaroo habitat usage. Aerial survey was 
utilized to assess the density and distribution of grey kangaroos at a 
regional scale. The relevance of the distribution patterns monitored using 
faecal pellet counts to the interpretation and reliability of aerial survey 
results was also examined.
1. Faecal pellet counts as a survey tool for grey kangaroo research
(Section 1)
The ecology of the grey kangaroo determines that direct observation of 
the animal is of limited value in obtaining a reliable assessment of 
habitat usage patterns (Section 1.2). Faecal pellet counts, an indirect 
survey method developed as a technique for research into deer, proved to 
be a viable alternative because:
-(a) Faecal pellets of the grey kangaroo were readily separated from 
those of other macropods found in the areas where research was 
conducted. The shape and to a lesser extent size of grey 
kangaroo pellets were found to be consistent and this allowed 
for accurate identification (Section 1.3.2).
(b) Defecation rate of the grey kangaroo proved to be reasonably 
consistent. This determined that faecal pellet data could be
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used as indices of kangaroo density within specified areas over 
given periods of time [refer also (e) below]. The number of 
pellets per defecation (pellet group), however, varied markedly 
between habitats. Unlike most situations where pellet counts 
are used, therefore, pellet groups proved to be unsuited as the 
base to sampling. Totals of individual pellets were found to 
be a more reliable indicator of defecation rate (Section 1.4.2).
(c) In the Durikai district faecal pellets persisted for intervals 
of up to 14 weeks before substantial losses occurred due to 
pellet decay. It was possible, therefore, to complete surveys 
monitoring accumulation periods (for faecal pellets) that were 
long enough to ensure that reasonable densities of pellets were 
sampled.
For periods of pellet accumulation of up to eight weeks pellet 
losses were small. Reference to control groups of fresh pellets, 
set out at four to eight weekly intervals, allowed variations in 
decay rates between separate surveys to be standardized through 
the use of a term defining exponential decay rate derived from 
losses to the control groups of fresh pellets (Section 1.5.2).
[For the Bollon district, destruction of pellets by termites 
caused significant losses within eight weeks. In this 
environment absolute estimates of faecal pellet density were 
unreliable for the pellet accumulation periods (> 8 weeks) 
used to assess seasonal movement patterns of the grey kangaroo 
(Section 3.3)].
(d) Comparative ages of faecal pellets were readily determined.
Surveys sampling pellets accumulated over set time periods were 
therefore possible. Two reliable indicators of pellet age were 
found to be colour and texture of the pellet surface and interior. 
Surveys at short intervals (less than 12 to 14 weeks) allowed the 
most accurate classification of pellets within specified age 
ranges (Section 1.6.2).
(e) Two censuses of faecal pellet density for the Durikai State 
Forest returned similar results. The kangaroo population 
utilizing the area was expected to remain constant over the 
period during which the censuses were completed. The result 
confirms, therefore, that the pellet count technique provides a 
reliable index of grey kangaroo density (Section 1.9).
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(f) Defecation in the grey kangaroo is strongly associated with 
feeding activity. The distribution of faecal material, 
therefore, provides data on the feeding distribution of grey 
kangaroos (Section 1.10.2).
Given these findings which established the validity of the method, 
faecal pellet counts were used to assess the habitat preferences and 
seasonal movement patterns of the grey kangaroo.
2. Habitat preferences of the grey kangaroo (Section 2)
The research undertaken substantiated the view that the major 
determinant of grey kangaroo usage of a unit of habitat is the structure 
of that unit in terms of forage (grass cover) and the shelter (lateral 
cover) provided by woody vegetation.
On the broad scale, serai communities (partly cleared forest) 
featuring an abundance of both grasses and woody vegetation (shrubs and 
young trees) attracted heavier usage by grey kangaroos than either climax 
forest (sparse grass cover and moderate lateral cover) or cleared country 
(dense grass cover and sparse lateral cover). This preference for partly 
cleared forest was evident for a range of seasonal conditions.
On the local scale results obtained for a season favourable to pasture 
growth were comparable to those for the broad scale study. Kangaroo 
densities were highest in habitats that featured above average indices for 
both forage and shelter. Habitats characterized by an abundance of either 
forage (cleared areas) or shelter (climax forest) in association with a 
paucity of the other attribute attracted limited usage by grey kangaroos. 
The analysis demonstrated that a range of habitats (particular balances 
between forage and shelter) may support similar densities of grey kangaroos 
and that flori Stic composition is of minor importance compared to habitat 
structure in terms of the availab ility of forage and shelter. Cluster 
analysis proved effective in defining the variations in habitat usage and 
in emphasizing the dual requirements determining habitat preferences.
This section confirmed the preference of grey kangaroos for habitats 
that provide concealment, but established that this requirement must be 
balanced against the availability of suitable forage. As the availability 
of forage varies on a seasonal basis, the next stage of the research 
programme was to assess the influence of such changes on the distribution 
(habitat preferences) of grey kangaroos.
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3. Seasonal movement patterns of the grey kangaroo (Section 3)
Research into this aspect of grey kangaroo ecology, conducted in 
southeastern and southwestern Queensland, established that grey kangaroos 
follow well defined (predictable) seasonal movement patterns.
The investigation was based on the monitoring of changes in kangaroo 
usage of cleared country at Eddington and changes in the usage ratio of 
wooded to cleared country at Barrington. The results demonstrate that 
grey kangaroo usage of cleared country, a non-preferred habitat type 
(Section 2), is governed by pasture quality and quantity. As pasture 
status declines due to either unfavourable weather patterns or stage in 
the pasture growth cycle, grey kangaroos make increasing usage of cleared 
country. In cleared areas the quality and quantity of forage is always 
superior to that of wooded areas. When conditions conducive to pasture 
growth deteriorate, this superiority becomes more pronounced and is 
reflected in a systematic change in the feeding distribution of grey 
kangaroos. The wooded habitats that are more attractive (ecologically) 
to the kangaroo are abandoned (in comparative terms) in favour of cleared 
country where suitable (green) forage may be obtained.
The proportion of the population using cleared country in an area may 
be estimated through reference to the status of the pastures being utilized. 
Predictions of pasture growth and phenology compatible with the behavioural 
responses of grey kangaroos are difficult to acquire. However, reference to 
rainfall distribution and the interaction of this with time of year, 
provides a general guide to the productivity of pastures and the associated 
seasonal movement patterns of grey kangaroos.
Completion of Sections 2 and 3 fulfilled the primary aims of the 
dissertation. The information gathered (faecal pellet counts) in the 
assessment of the seasonal movement patterns of the grey kangaroo, however, 
provided a substantial data base that was amenable to further analyses of 
habitat utilization patterns and the statistical manipulation of faecal 
pellet data.
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4. Grey kangaroo dispersion around forest/cleared country interfaces
(Sections 4.1, 4.2 and 4.3)
Although usage of cleared country varied markedly on a seasonal basis 
(Section 3), there was litt le  change in the distribution pattern across 
the habitat away from the interface with wooded areas. Regardless of the 
density of kangaroos at any one time, there was a similar pattern of 
decreasing density with increasing distance from shelter. This held true 
for both the eastern (Eddington) and western (Barrington) study areas 
despite the differences in the environments concerned and the range of 
seasonal conditions monitored during the surveys (Section 4.1).
The systematic decrease in density across cleared country was 
adequately described in terms of the general exponential decay model. 
Furthermore, at Eddington and sites 1 and 2 at Barrington, a common rate 
of decline provided a satisfactory explanation for each data set (series 
of surveys). Site 3 at Barrington, however, exhibited significant 
variation in the rate of decline between separate surveys.
The analysis emphasized the grey kangaroo's affin ity for wooded 
habitats. However, the approach used also established that grey kangaroos 
venture much further from the shelter of wooded zones (> 50Qm) than 
previous studies have indicated. The constancy in the distribution 
patterns for three of the four sites suggested that where the distribution 
of suitable forage (within cleared areas) is uniform for all seasons, the 
animals adopt a general behavioural response suited to the local 
environment. The pattern of near uniform rates of decline was most 
pronounced at Eddington which featured the most favourable and stable 
climatic environment. The result for site 3 at Barrington indicated that 
grey kangaroos may vary this tra it where the spatial patterning of forage 
changes on a seasonal basis.
The surveys estimated faecal pellet density for blocks of cleared 
country within 500m of the interface with wooded land. With the exception 
of the final three surveys at site 3, Barrington, the f irs t  100m from 
cover contained the majority of pellets found within the full 500m sampled. 
The concentration of pellets close to the forest edge coupled with the 
systematic decrease in density with increasing distance from this edge 
suggested that sampling only the f irs t  100m section may provide reliable 
estimates for the full extent of cleared land (e.g. 500m in the case of 
the present surveys). This was found to be the case for Eddington which 
exhibited the most uniform rate of decline. For this area, a substantial 
reduction in sampling effort (for equivalent variance estimates) may be
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achieved using such a strategy (Section 4.3).
In contrast to the situation for cleared country, there appeared to 
be no relationship between kangaroo usage of wooded habitats and proximity 
to cleared country (Section 4.2).
5. Grey kangaroo faecal pellet data and the negative binomial distribution
(Section 4.4)
The faecal pellet data gathered for the seasonal movements research 
were adequately described by the negative binomial distribution. The 
results provided a guide to the statistical manipulation of grey kangaroo 
pellet data and habitat usage patterns of the grey kangaroo.
(a) Statistical considerations
With few exceptions (2 from 32 cases) the data from each separate 
survey followed the negative binomial frequency distribution. In only 
one case (partly cleared forest at Eddington), however, was a common 
estimate of the dispersion parameter, k, demonstrated to be appropriate 
for a series of surveys. The result implies that there is no statistically 
adequate method for transforming survey results where comparisons between 
density estimates from separate surveys are required.
The variation in k values was most prominent for surveys monitoring 
cleared country. Comparisons between the surveys for cleared country at 
Eddington (t tests) using a range of approximate procedures (untransformed 
data, log transformed data, data based on an average k) produced similar 
results. For these data, the lack of an exact methodology allowing 
statistical comparisons may not be critical. The data for wooded habitats 
were more amenable to analyses based on a common k and more exact 
statistical procedures may be applied.
(b) Ecological considerations
The results established that the faecal pellet data from all habitats 
at all seasons followed a contagious dispersion. There was evidence to 
suggest, however, that the dispersion pattern changed with time (inadequacy 
of common ks), particularly in the case of cleared country. In each 
series of surveys there was a trend for a positive correlation between the 
negative binomial parameters m (mean) and k. The relationship may reflect 
changes in the usage pattern of the habitats with changing seasonal 
conditions.
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For cleared country the dispersion pattern was more clustered when 
kangaroo usage of the habitat was low. Dispersion became more random 
as the density of kangaroos increased. Grey kangaroos may concentrate 
feeding activity in preferred areas when forage is plentiful (low m and k) 
and follow a more dispersed usage pattern (high m and k) as they search 
for suitable forage in times of pasture shortages. For wooded country a 
similar relationship between density (m) and dispersion (k) was evident 
although the sequence of usage for the habitat was the reverse of that for 
cleared country. In this habitat kangaroos appeared to adopt a more 
dispersed usage pattern when forage was plentiful. This may be related to 
their preference for the habitat. The more clustered dispersion typical 
of low usage cycles probably reflects the patchy dispersion of suitable 
forage in the habitat during times of pasture shortages. Conversely, the 
relationship between the negative binomial parameters for both habitats 
may be the result of kangaroo density rather than the dispersion of 
kangaroos within particular habitats.
Completion of this section concluded the research based on faecal 
pellet counts. The pellet count technique cannot be used at present to 
provide estimates of actual kangaroo density and is unsüited to population 
monitoring for large areas. Aerial survey techniques were used, therefore, 
to assess grey kangaroo density and distribution for the southern-most 
strip of the grey kangaroo's continuous distribution in Queensland.
6. Grey kangaroo density and distribution ascertained from aerial survey
(Section 5.7)
An aerial survey, based on the current procedures used in censuses of 
kangaroos was conducted in August, 1979. The survey area was stratified 
into six habitat zones mapped from Landsat imagery and results were 
computed on a zonal basis.
Compared to areas in New South Wales adjoining the study area, the 
density of grey kangaroos was high. A population estimate of 746359 ±
79 070 (Ñ ± S.E.) was obtained for an area of 47 100 km2, indicating an 
average density of 15.9 grey kangaroos/km2. The results did not differ 
significantly from those returned by another researcher (G. Caughley;
CSIRO, Div. Wild!. Res.) in May of the following year.
The distribution of kangaroos displayed similarities to habitat 
preferences identified at the local level (Section 2). The habitat zones 
(Zones 1 and 6) characterized by limited shelter (woody vegetation)
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supported s ign if ican tly  lower kangaroo densities than the zones with a 
denser coverage of trees and shrubs. Despite differences between the 
habitat structure of the more heavily wooded zones (Zones 2 to 5), 
however, no s ign ifican t differences in kangaroo density were identified.
The survey design used which was more suited to obtaining a population 
estimate for the area as a whole than to comparisons between sections 
within the study area, was probably responsible for the lack of se n s it iv ity  
in d istingu ish ing density differences between Zones 2 to 5.
The population estimate obtained was adequate for a survey of th is 
type and it s  re l ia b il it y  was supported by the survey, incorporating the 
same area, conducted in the following year. The resu lt, however, differed 
s ig n if ic a n t ly  from that obtained by a p ilo t survey (Zones 1 to 4) held in 
November, 1978. The marked difference between the kangaroo density 
estimates for the area (Zones 1 to 4) and for individual habitat zones 
between the two surveys suggested that aerial counts may not provide 
re liab le  estimates of grey kangaroo density.
7. The relevance of grey kangaroo seasonal movement patterns to the
re l ia b il it y  of aerial survey (Section 5.7)
The population estimate (Zones 1 to 4) for the August, 1979 survey 
was s ign if ic a n t ly  higher than that for November, 1978 (increase of 
approximately 77 per cent). Natural increase, variations in kangaroo 
shooting and observer (counting) error were discounted as possible sources 
of the discrepancy. As November, 1978 represented a highly favourable 
season and August, 1979 drought conditions, the difference in estimates 
was attributed to seasonal movement patterns of the grey kangaroo.
Although kangaroo density increased for a ll four zones between the 
surveys, the increase was most marked for the more densely wooded Zones 2 
and 4. This suggested that animals confined to wooded areas where they 
were not v is ib le  in 1978 had moved into areas (within the zones) where they 
were more readily counted in 1979. A situation such as th is  could be 
expected given the find ings presented in Section 3. Caughley's survey from 
1980.further supports the case as the drought conditions of August, 1979 
persisted into 1980. The s im ila r ity  between the two surveys was due to 
the sim ilar climatic situation  and the influence of th is on kangaroo 
d istribution.
The findings demonstrate that the correction factors currently 
employed in aerial surveys of kangaroos, to adjust for v i s ib i l i t y  in
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differing habitat types, are not accurate. They do not correct for 
seasonal changes in habitat usage. This dictates that aerial survey 
cannot be used to provide absolute estimates of kangaroo density with 
the possible exception of country featuring a sparse tree density. The 
method is also inappropriate for density index estimates unless similar 
seasonal conditions are evident between different surveys of the same 
area.
The summary presented in the foregoing outlines results of the 
research conducted into:
(a) distributional aspects of grey kangaroo ecology; and
(b) techniques appropriate to the study of grey kangaroo 
distribution.
As pointed out in the Introduction, there has been a conspicuous 
neglect of research into these two facets of grey kangaroo conservation 
and management. The thesis has made an original contribution to knowledge 
in both fields with the major thrust of the work directed towards aspects 
with broadscale management significance. The following provides a brief 
analysis of the relevance of the findings. It should be noted, however, 
that a detailed assessment of the significance of the results to the 
management of grey kangaroos is beyond the scope and purpose of the 
dissertation. The answers provided to the specific questions addressed 
earlier form the necessary framework for further, more detailed research.
(a) Distributional aspects of grey kangaroo ecology
The findings of the research into habitat usage by grey kangaroos 
expand existing knowledge in a number of important respects. First, it 
was established that suitability (attractiveness) 0f a habitat depends 
not only on the density of woody vegetation but as well on the availability 
of forage. Grey kangaroos prefer habitats that fulfil both requirements. 
The habitats identified as most attractive in this study were typically 
areas modified by man where reduction in the density of trees had resulted 
in increases in both forage reserves and shelter (regrowth by trees and 
shrubs). The role of man in providing or creating habitats superior to 
the natural vegetation helps to explain why grey kangaroos have been one 
of the few species of native fauna that have benefited from pastoral 
development. Recognition of the dual aspects of habitat structure relevant 
to grey kangaroos allows more meaningful appraisals to be made of habitat 
suitability and carrying capacity as well as the likely influence of 
habitat modifications on grey kangaroo populations.
2 7 2
Second, the importance of open country to grey kangaroos is stressed. 
While kangaroos do not prefer areas which offer little concealment, they 
rely heavily on the habitat during the regular periods of pasture shortages. 
The distribution of cleared country is vital, therefore, to the maintenance 
of high kangaroo densities over much of the pastoral zone and certainly 
compensates for poor quality Clow forage) wooded habitats. Providing 
shelter zones are available adjacent to cleared land, the area provides a 
suitable environment for grey kangaroos. The pattern of land cover may be 
used as a guide to the capacity of an area to support grey kangaroos. A 
mosaic of cleared land and intervening wooded zones may provide optimum 
conditions with regard to kangaroo productivity. Usage of cleared areas 
may also be considered in terms of the distances grey kangaroos are willing 
to venture from shelter. The findings establish that most kangaroos forage 
within 500 m of wooded country and that the bulk of the population confines 
itself to an area within 100m of cover. Size of a clearing is therefore 
important. The information may be used as a further guide to general 
habitat suitability or, for example, to minimize the damage to crops 
caused by grey kangaroos. Buffer zones of cleared land surrounding 
agriculture (bordering wooded country) may be effective in controlling 
kangaroo usage of such areas.
Third, the preference of grey kangaroos for wooded country and the 
regular seasonal movement patterns into cleared land are of direct 
relevance to the kangaroo (shooting) industry. To a large extent, kangaroo 
shooting appears to be controlled by weather. For most of the country 
where grey kangaroos are harvested commercially, there is an abundance of 
wooded country (e.g. Landsat zones 2, 3, 4 and 5; Section 5). In 
favourable seasons the bulk of the kangaroo population in any region will 
be using habitats (wooded country) that offer protection to the animals 
from shooters. The accessibility of grey kangaroos to the shooter increases 
as pasture status declines. The extreme case is drought when most of the 
population will be feeding in cleared country where they are easily taken. 
Harvest totals for grey kangaroos in Queensland follow a trend that 
reflects this situation (e.g. Roff and Kirkpatrick, 1962). While it is not 
intended to enter into the debate over harvest quotas for kangaroos, it 
is obvious that the cycles of drought and good seasons, across the 
commercial shooting zone, exert their own control over harvest rates.
The high kill years (drought) are balanced by runs of good years (high 
rainfall) where the kangaroo population may re-establish itself with 
limited mortality inflicted on it by shooters.
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Harvest totals viewed in conjunction with seasonal, conditions may 
in fact be developed to provide a system for assessing population levels.
It may be possible to relate shooter success rates to the proportion of 
kangaroos that are estimated to be using open country. To take two 
extreme cases from a possible broad continuum; high success rates during 
good seasons would indicate a large population, while low harvests during 
drought would suggest over-exploitation. The regularity of the seasonal 
movement patterns identified in the present study for two separate regions 
suggests that such a programme established on a regional basis (e.g. 
habitat zones as used in aerial survey) is by no means impracticable.
A knowledge of seasonal movement patterns may also be used to direct 
pest control measures in specific areas. Reduction of kangaroo numbers 
could be attained most efficiently by synchronizing control (shooting) 
with times when kangaroos are most accessible. Similarly, an assessment 
of the pest status of grey kangaroos can not be undertaken meaningfully, 
at present, during favourable seasons. If (as occurs in New South Wales) 
wildlife officers are to inspect properties where it is claimed culling of 
kangaroos is required, the inspection must be timed to coincide with the 
seasonal conditions that create competition between grey kangaroos and 
the man on the land. Conversely, a knowledge (quantitative) of the 
seasonal movements typical of grey kangaroos in an area may be used to 
extrapolate potential kangaroo density (on cleared/agricultural land) for 
dry seasons from data collected at other times. Such a system would 
greatly facilitate field assessments of this type.
Fourth, in relation to the commercial harvesting of grey kangaroos, 
the aerial survey results indicated that the animal was abundant in areas 
supporting high shooting pressure. Presumably the quality of the habitats 
has allowed grey kangaroos to maintain high population levels despite 
commercial exploitation. The regions where harvest rates were lowest 
(habitat zones 1 and 6) were also areas of lowest kangaroo density. This 
is related to the inferior quality of the habitats for grey kangaroos and 
further supports the case that for the cross-section of the state studied, 
habitat rather than shooting pressure appears to be the major factor 
determining grey kangaroo density and distribution. If the aerial surveys 
of August, 1979 and May, 1980 (Caughley), which were conducted for similar 
seasonal conditions, provide valid indices of grey kangaroo abundance, it 
appears that the impact of shooting was negligible over the two years.
The density estimates returned by the aerial surveys were similar. Natural 
recruitment apparently compensated for the high harvest rates.
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The changes in the density pattern (seasonal movements) identified 
between the November, 1978 and August, 1979 aerial surveys substantiated 
the findings obtained at the local scale using pellet counts. Aerial 
surveys may be used, therefore, to monitor these changes in distribution 
at the regional scale. An approach such as this may be of value in 
assessing the pest status of grey kangaroos particularly for agricultural 
areas. The Australian Research Grants Committee (ARGC) has provided 
funding to continue research of this particular topic in 1983.
(b) Techniques appropriate to the study of grey kangaroo distribution
Faecal pellet counts
The assessment made of the usefulness of faecal pellet counts to 
kangaroo research established that the method is a valuable tool. Although 
the technique had been used previously in Australia, the assumptions 
implicit in the method, as applied to kangaroos, had not been examined in 
detail.
Faecal pellet counts may be used to provide valid indices of grey 
kangaroo density. The major application of the technique would appear to 
be in studies of habitat usage rather than census work. Although the 
method is suited to the latter task, problems of scale (size of areas to 
be censused), appear to restrict its use in most management type applica­
tions. For small nature reserves or local areas, however, pellet counts 
may be used to trace trends in grey kangaroo density. As locations such 
as these are likely to be densely wooded, the advantages of the method are 
apparent. Reliable counts of kangaroos themselves are not possible in 
such habitats. It should be remembered, however, that there appears to be 
little likelihood that the pellet count technique can be developed to 
provide estimates of actual kangaroo numbers.
The habitat preferences and behavioural attributes of grey kangaroos 
determine that pellet counts are well suited to studies of the habitat 
usage patterns of the animal. The survey designs developed in the present 
study for use in pellet counts proved satisfactory and provide a guide to 
further refinements/applications of the technique. Given the limited 
application of the method in kangaroo research to date, more detailed 
assessments are required before pellet counts can be used to their best 
advantage. Statistical treatment of pellet data, in particular, is worthy 
of more detailed study as is evidenced by the preliminary results from the 
negative binomial analyses.
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Aerial survey
Aerial survey is a more widely used technique in kangaroo research 
than faecal pellet counts and is currently relied upon in two states 
(New South Wales and South Australia) to provide data on population totals 
against which harvest quotas are assessed. The rationale for such an 
approach is that visibility correction factors adjust for ease of sighting 
in differing habitats and allow aerial counts (indices of abundance) to be 
modified to provide estimates of actual kangaroo numbers. From the 
research completed in the present study, however, it appears that aerial 
surveys may be an unreliable source for such information at least for the 
habitat types representative of the areas in Queensland supporting the 
highest harvest rates (and densities) of grey kangaroos. The analysis of 
the data gathered established that the visibility correction factors in 
use at the present time do not adequately adjust for ease of counting in 
differing habitats. Changes in seasonal conditions are associated with 
variations in kangaroo distribution. The result is apparent marked 
changes in kangaroo density. It is suggested that aerial surveys do not 
provide accurate estimates of kangaroo numbers and may only be used to 
estimate indices of abundance if repetitive surveys are conducted under 
similar seasonal conditions. Substantial remodelling of the visibility 
correction factors is warranted. One possible strategy for overcoming the 
present problem may be to integrate aerial surveys with data (e.g. derived 
from faecal pellet counts) on proportional usage of habitats. Changes in 
aerial counts for regions featuring poor visibility (high proportion of 
trees) could be related to the distribution trends (i.e., proportion using 
cleared and wooded country) and statistical weightings devised to adjust 
for the changes in kangaroo distribution induced by seasonal conditions. 
Regression techniques, similar to those used in producing the current 
correction factors, could be employed to provide:
(a) general estimates of the number of kangaroos actually present; 
or
(b) a means of standardizing results obtained at different seasons.
Successful application of such a system would rely on the identifica­
tion of regions featuring distinctive habitat characteristics. The 
dissertation demonstrated that Landsat imagery was capable of providing 
habitat maps of this type. Use of habitat zones to stratify areas for 
aerial survey was also demonstrated to be useful in other aspects of 
survey design. As variations in habitat were associated with variations
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in kangaroo density, sampling and analysis procedures are facilitated by 
designing surveys around these natural regions rather than the (.arbitrary) 
map sheets commonly employed as the base to aerial surveys.
The statistical approach used in the present study also represents a 
departure from usual practice which offers substantial advantages. It 
was established that the standard transect approach to the computation of 
results could be varied because the proportional variances in density 
across transects within the habitat zones were not significantly different. 
There may also be scope for further refining the statistical treatment of 
aerial survey data by basing calculations on the individual quadrats 
(counting units) along transects (refer Section 5.7.3 for a detailed 
discussion of these points). As was the case with the pellet surveys, the 
methods employed for aerial survey, while adequate for the requirements of 
the study, provide a guide to future application and refinement of the 
technique.
The research completed in this thesis emanated from the view that 
existing knowledge of the relationship between grey kangaroos and the 
habitats they utilize was inadequate. Particular emphasis in the research 
was given to habitat usage variations in the temporal context. In doing 
so, the dissertation illustrates the dynamic nature of interactions between 
the grey kangaroo and its environment and demonstrates that time as well 
as space must be considered if a realistic appraisal of grey kangaroo 
ecology is to be obtained. Such an approach is standard practice in the 
scientific study of wildlife ecology. Prior to the present study, however, 
it had not been applied to the grey kangaroo.
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